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Geomagnetic f i e ld  c h a r a c te r i s t ic s  fo r  the  p a s t 2000 y ea rs  have 
been a cc u ra te ly  e s ta b lis h e d  from s tu d ie s  o f baked c lays a sso c ia te d  w ith  
a rch aeo lo g ica l s i t e s .  This in v e s t ig a tio n  was to  t e s t  th e  hypo thesis  
th a t  geomagnetic f i e ld  v a r ia t io n s  recorded in  recen t p lay a  sedim ents 
would c o r re la te  w ith  those  tim e-vary ing  geomagnetic f i e ld  changes found 
in  th e  baked c la y s .
O riented  specimens were taken  in  v e r t i c a l  columns from the 
sedim ents o f two dry lak es  (p lay as) in  Arizona and one dry  lak e  in  
Nevada. These lo c a tio n s  were chosen because they  l i e  in  th e  same geo­
g rap h ic  reg io n  of the  United S ta te s  fo r  which archaeom agnetic d a ta  a re  
a v a ila b le .  This p e rm itted  a comparison o f paleom agnetic d a ta  derived  
from two independent so u rces .
Wlien the  m agnetic d a ta  from th e  dry lak e  sedim ents were 
compared to  th e  archaeom agnetic d a ta  fo r  th e  sou thw estern  U nited S ta te s ,  
th e re  appeared to  be a g en era l agreem ent. C o rre la tio n  c o e f f ic ie n ts  as 
h igh as 0.84 and 0.85 were c a lc u la te d  fo r  the  r e la t io n s h ip  between the  
archaeom agnetic d e c lin a tio n  curve and th e  sedim ent d e c lin a t io n  curves 
from th e  two A rizona p la y a s . By using p o in ts  on curves d erived  from 
th e  p laya  sedim ent d a ta  (which gave a measure o f  depth in  cen tim ete rs  
below th e  p re sen t lake-bed  su rfa ce ) and matching them w ith  s im ila r  
p o in ts  on curves de riv ed  from baked c lay  d a ta  (which gave a measure of
i i i
tim e in  years  b e fo re  the  p re se n t)  i t  was p o s s ib le  to  c a lc u la te  average 
sed im en ta tion  r a te s  fo r  th e  p la y a s . These w ere: W illcox P laya ,
A rizona, 0.073 cm /year; Red Lake P lay a , A rizona, 0.053 cm /year; Smith 
Creek V alley P lay a , Nevada, 0.030 cm /year.
The tim e vary ing  c h a r a c te r i s t ic s  o f th e  baked c lay  curves 
were confirmed by th e  r e s u l t s  ob ta ined  from th e  p laya  sed im ents, and no 
new "excu rsions"  o f the  f i e ld  were found.
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SECULAR VARIATION OF THE GEOMAGNETIC FIELD AS DETERMINED 
FROM PLAYA LAKE SEDIMENTS
INTRODUCTION
This in v e s t ig a t io n  in to  th e  paleom agnetism of re c e n t sedim ents 
in  th e  dry lake  beds (p lay as) o f  th e  Basin and Range P rovince was to  
t e s t  th e  h y p o th esis  th a t  t im e - re la te d  m agnetic changes in  p lay a  s e d i­
ments could be c o r re la te d  w ith  tem poral changes o f th e  geom agnetic 
f i e l d  th a t  have been found in  baked c lay s  from th e  same g en e ra l reg io n  
o f  the U nited S ta te s .
Dr. Robert L. DuBois has a c c u ra te ly  e s ta b lis h e d  th e  a n c ie n t 
geom agnetic (archaeom agnetic) f i e l d  c h a r a c te r i s t ic s  fo r  th e  sou thw estern  
U nited S ta te s  from an aly ses  o f baked c lay s  a s so c ia te d  w ith  a rc h ae o lo g i­
c a l  s i t e s  (Weaver, 1967 and DuBois, 1974). These baked c lays were p re ­
dom inately from f i r e  p i t s ,  h e a r th s ,  and baked w a lls  o r  f lo o r s .  As the  
m a te r ia ls  were h ea ted  to  tem p era tu res  above t h e i r  C urie p o in ts  and then  
coo led , th e  m agnetic m in e ra ls  w ith in  them recorded  the  d e c lin a t io n  (D) 
and in c l in a t io n  ( I )  o f the  ambient geom agnetic f i e ld  e x is t in g  a t  th a t  
in s ta n t  in  tim e. When o r ie n te d  specim ens o f f i r e d  c lay  were tak en  from 
th e se  a n c ie n t o b je c ts  (whose tim e o f use  had been da ted  by dendrochro­
nology) , and m agnetic d a ta  were d e riv ed  from measurement by magnetome­
t e r s ,  Dr. DuBois was ab le  to  p lo t  curves r e la t in g  changes in  d e c lin a t io n  
and in c l in a t io n  o f the  e a r t h 's  m agnetic f i e ld  to  a b so lu te  tim es b e fo re
1
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th e  p re s e n t. Although the  baked c lay s  prov ide geomagnetic d a ta  fo r  
p o in ts  in  tim e , th e  spacing  between th e se  d a ta  p o in ts  i s  la rg e r  fo r  
samples from p re -C h r is tia n  y e a r s , fo r  which a rc h a e o lo g ic a l s i t e s  con­
ta in in g  baked c la y s  a re  sca rc e . Should p lay a  geomagnetic d a ta  prove 
r e l i a b le  by c o r re la t io n  w ith  th e  e s ta b lis h e d  archaeom agnetic curves of 
more re c e n t y e a r s , th e  lo n g er age range of th e  p laya  sedim ents would a id  
in  ex tend ing  the  archaeom agnetic curves back in to  th a t  tim e when d a ta  
from f i r e  p i t s  i s  poo rly  re p re se n te d . In  th i s  way, paleom agnetic in fo r ­
m ation from p lay a  sedim ents m ight become im portan t to  th e  a rc h a e o lo g is t, 
o r a n th ro p o lo g is t, in  h e lp in g  to  d a te  th e  s i t e s  o f e a r ly  man's 
a c t i v i t i e s .
P laya geomagnetic d a ta  may become im portan t to  th e  g e o p h y s ic is t, 
i f  the  d a ta  add to  e x is t in g  knowledge about th e  b eh av io r o f th e  p a leo ­
m agnetic f i e ld  and a id  in  understand ing  the  e a r th 's  core c h a r a c te r i s t i c s .  
R e liab le  p laya  d a ta  might a lso  p rov ide  a means fo r  c o r r e la t io n  w ith  
o th e r sedim entary  fe a tu re s  in  the  same geographic reg io n . Comparisons 
of th e  geomagnetic d a ta  from two o r more sedim entary  fe a tu re s  could be 
made in  much the  same manner as o i l  w e ll log  com parisons. Another 
p o s s ib i l i ty  i s  th a t  when p o in ts  on th e  D & I  curves from p lay a  sed im ents, 
a t  known depths below th e  s u rfa c e , c o r r e la te  w e ll w ith  s im ila r  p o in ts  on 
D & I  curves from o th e r  so u rc e s , such as baked c lay s  o r  lav a  flow s, and 
th e  baked c lays o r la v a  flow s can be a c c u ra te ly  dated  in  y ears  b e fo re  
th e  p re s e n t ,  th e  paleom agnetic d a ta  p rov ide  a means fo r  determ in ing  age 
and sed im en ta tion  r a te s  fo r  the  p lay a .
G r i f f i th s  e t  a l .  (1960) re p o rte d  th a t  minute m agnetic g ra in s  
s e t t l i n g  in  q u ie t w a te r , such as lake w a te r , tended to  be a lig n ed  in  th e
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d ire c t io n  of the  ambient geomagnetic f i e ld  in  th e  same manner as a 
compass need le  i s  a lig n ed . As th ese  g ra in s  became in co rpo ra ted  in to  the  
sedim ents a t  the  lake bottom , they  were presumed to  be he ld  in  th e  
a lig n ed  p o s itio n  by th e  o th e r sedim entary  p a r t i c le s  which surrounded 
them, and were "locked in to  p o s itio n "  even though the  d ire c t io n  o f th e  
geomagnetic f i e ld  may have subsequently  changed. L a te r ,  I rv in g  and 
Major (1964) found th a t  p o s t-d e p o s it io n a l realignm ent was p o s s ib le  w ith in  
th e  s o f t ,  w a te r - f i l le d ,  unconso lidated  sed im ents. Some packing and con­
s o lid a t io n  o f the  sedim ents had to  occur b e fo re  th e  m agnetic p a r t i c le  
p o s it io n  were " f ix e d ."  I  assumed during  th is  in v e s t ig a t io n  th a t  mag­
n e t ic  g ra in s  c a r r ie d  by the  in te rm it te n t  flow of stream s in to  the  
temporary lak e  w aters o f a p laya  would behave s im ila r ly .  Through the  
passage o f tim e, as su ccess iv e  and continuous la y e r s  of sedim ent b u i l t  
up on th e  lak e  bottom  each tim e th e  p laya  was covered w ith  w a te r , the  
d ire c t io n  o f m agnetiza tion  o f th e  m agnetic p a r t i c l e s  in  th e  sedim ents 
would provide a continuous reco rd  of the  changing d ire c t io n  o f the  
e a r th 's  m agnetic f i e ld .  This study  was undertaken to  determ ine w hether 
o r no t such m a te r ia ls  could be used to  prov ide r e l i a b le  d a ta  w ith  
s u f f ic ie n t  p re c is io n  to  be u s e fu l.
By tak in g  o rie n te d  specimens in  v e r t i c a l  columns from th e  p lay a  
lak e  beds and m easuring th e i r  m agnetiza tion  w ith  a magnetometer, i t  was 
p o s s ib le  to  p lo t curves showing changes in  th e  d e c lin a tio n  and in c l in a ­
t io n  of th e  geomagnetic f i e ld  w ith  depth . I t  was a lso  p o ss ib le  to  
determ ine th e  changing magnetic f i e ld  i n t e n s i t i e s  throughout th e  depth 
o f th e  columns, however, th ese  could only be d i r e c t ly  r e la te d  to  chang­
ing  in te n s i t i e s  o f th e  e a r th 's  paleom agnetic f i e ld  i f  one assumed a
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uniform  d is t r ib u t io n  o f  m agnetic p a r t i c l e s .  The m agnetic moment o f 
each g ra in  was determ ined a t  a much e a r l i e r  tim e when i t s  source  rock 
cooled through i t s  C urie tem peratu re . In c rease s  o r decreases in  the  
number o r s iz e  o f th e  g ra in s  could have made any p a r t i c u la r  specimen of 
th e  p laya  sedim ents m agn etica lly  s tro n g e r  o r weaker than any ad jacen t 
specimen.
Those p laya  la k es  chosen fo r  sam pling, to  t e s t  th e  above 
hypotheses and assum ptions, l i e  in  a geographic reg io n  fo r  which 
r e l i a b le  archaeom agnetic d a ta  a re  a v a ila b le .  This p e rm itted  a compari­
son of m agnetic d e c lin a t io n  and in c l in a t io n  d a ta  from independent 
so u rc e s , and provided  some c o n tro l fo r  th a t  p a r t  o f the  p lay a  sedim ent 
d a ta  which covered the  same span of tim e as the  baked c lay s .
PREVIOUS STUDIES
This s e c tio n  i s  a c h ro n o lo g ica lly  arranged  summary o f work 
done by o th e r  in v e s t ig a to r s .  P a r t i c u la r  emphasis is  p laced  upon th e  
problems and r e s u l t s  th e se  in v e s t ig a to r s  encountered  as they  m ight apply  
to  th e  re sea rch  fo r  th is  p ro je c t .  This s e c tio n  i s  meant to  be n e i th e r  
an ex ten s iv e  b ib lio g rap h y  no r an h i s t o r i c a l  review  o f th e  l i t e r a t u r e  
on the  s u b je c t .  R ather, I  have been s e le c t iv e  and have in c luded  only 
in fo rm ation  from those  papers and books which I  f e l t  had been some 
d i r e c t  b e a r in g . C onsequently , much l i t e r a t u r e  concern ing  th e  m agneti­
z a tio n  o f sedim entary  rocks has no t been summarized h e re , as i t  d id  
n o t r e l a t e  d i r e c t ly  to  th i s  re sea rch .
S tud ies  of the  remanent magnetism in  lav as  had been in  
p ro g ress  fo r  some y ears  b e fo re  in v e s t ig a t io n  in to  th e  paleom agnetism  of 
sedim ents began. Jacobs (1967) commented in  h is  book about C h e v a l l ie r 's 
c la s s ic  e a r ly  work (1925) w ith  lava  flow s from Mount E tna. C h ev a llie r  
showed th a t  the  remanent m agnetiza tion  o f th e se  lav as  was p a r a l l e l  to  
th e  geomagnetic f i e ld  measured a t  nearby o b se rv a to r ie s  a t  th e  tim e o f 
th e  flo w s ' e ru p tio n .
An im portant e a r ly  s tudy  in to  remanent magnetism o f r e l a t iv e ly  
re c e n t sedim ents was done on varved c lay s  by McNish and Johnson (1938). 
They hypothesized  th a t  p a r t i c le s  o f m agnetized m agnetic m in era ls  s e t t l ­
in g  in  q u ie t  w ater sh o u ld , on an averag e , be a lig n e d  w ith  th e  d ir e c t io n
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o f th e  e a r th 's  m agnetic f i e l d ,  thus producing a m easurable m agnetic 
d ir e c t io n  in  the  sed im en ts. They suggested  th a t  alignm ent w ith  th e  
d ire c t io n  o f  geomagnetic d e c lin a t io n  should  be c lo s e , b u t because th e i r  
e lo n g a te  shapes would probably  determ ine th e  a x is  of m ag n e tiza tio n , the  
p a r t i c l e s  would tend to  l i e  f l a t  r a th e r  than  in  th e  d ir e c t io n  o f geo­
m agnetic in c l in a t io n ,  thereby  in tro d u c in g  in c l in a t io n  e r r o r .  These 
re se a rc h e rs  found c o n s is te n t d if fe re n c e s  between the  d ire c t io n  o f 
m agnetic moment in  th e  summer varves and in  the  w in te r  varves o f th e  
same c o u p le ts . T h e ir ex p lan a tio n  was th a t  during  the  summer the  energy 
o f stream  ru n o ff  moved la rg e r  p a r t i c l e s  to  the  s i t e  o f d e p o s it io n  in  
th e  la k e s , w ith  the r e s u l t  th a t  th e  summer varves were more porous.
The au tho rs  suggested  th a t  the  p o ro s ity  o f the  summer varves p e rm itted  
groundwater to  r e a l ig n  th e  m agnetic g ra in s  in  th e  d ir e c t io n  o f more 
re c en t geomagnetic f i e ld s .  In  c o n tr a s t ,  th e  g ra in s  which had s e t t l e d  
beneath  the  p ro te c t iv e  cover of the  su rfa c e  ic e  during  th e  w in te r 
season were much sm a lle r  and le s s  l ik e ly  to  be d is tu rb e d  l a t e r  by 
groundw ater, and thereby  more re p re s e n ta t iv e  of th e  geomagnetic f i e ld  
a t  the  time o f d e p o s it io n .
A nother re s e a rc h e r  to  recogn ize  the  problem of in c l in a t io n  
e r ro r  was B enedickt (1943). He, to o , found th a t  th e  in c l in a t io n  com­
ponent of an e x te rn a l  f i e ld  was u n re l ia b le  in  sedim ents because o f what 
he c a lle d  " g r a v i ta t io n a l  to rque" a c tin g  upon the  m agnetic p a r t i c l e s  a t  
the  in s ta n t  o f t h e i r  c o n tac t w ith  the  bottom . B enedickt a lso  suggested  
th a t  the  shape o f th e  sedim entary  p a r t i c l e  might in f lu e n c e  i t s  movements 
w hile s e t t l i n g  through w a te r , p o ss ib ly  r e s u l t in g  in  m isalignm ent w ith  
the  geomagnetic f i e l d  when i t  came to  r e s t  a t  the  bottom .
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L a te r , a team o f re sea rc h e rs  (Johnson, Murphy and Torreson,
1948) in v e s tig a te d  New England varved c la y s . Again the  problem of 
in c l in a t io n  e r ro r  was d iscu ssed . This group found th a t  la b o ra to ry  
d ep o sited  sedim ents showed an e r ro r  between remanent in c l in a t io n  and 
ambient f i e ld  in c l in a t io n  of about 20°. They d id  an earthquake d is ­
tu rbance s im u la tio n , which was re le v a n t to  sedim ents from th e  Basin and 
Range P rov ince . Samples of both n a tu ra l  varves and a r t i f i c i a l  sedim ents 
were p laced  on a sh ak in g -tab le  and shaken fo r  s e v e ra l  hours a t  vary ing  
am plitudes to  sim ula te  the  eq u iv a len t o f s e v e ra l  c e n tu r ie s  of e a r th ­
quake d is tu rb an ce . No change in  the  d ire c t io n  o f  the  m agnetic moment 
occurred  as a r e s u l t  o f the  shak ing . They a lso  used a p ro p o r tio n a l 
method fo r  de term ining  an c ien t f i e ld  s tre n g th  by re d e p o s itin g  sedim ents 
under v a rio u s  am plitudes of m agnetic f i e l d .  The in te n s i ty  o f the moment 
v e rsu s  ambient f i e ld  s tre n g th  was p lo t te d  to  form a curve from which the  
presumed ambient f i e ld  s tre n g th  a t the  tim e o f d ep o s itio n  could be 
c a lc u la te d .
G r if f i th s  (1955) worked w ith varved c lay s  from s i t e s  in  Sweden. 
He s e le c te d  th ese  m a te r ia ls  fo r  study because they  could be a c c u ra te ly  
d a ted , and varved c la y s ,  being  unconso lidated  sed im en ts, p e rm itted  l a t e r  
r e s e t t l i n g  experim ents under c o n tro lle d  la b o ra to ry  c o n d itio n s . He 
rep o rted  th a t  those varves which showed c h a r a c te r i s t ic s  o f having been 
la id  down under q u ie t co n d itio n s  possessed d ire c t io n  o f m agnetiza tion  
c o n s is te n t w ith  the ambient f i e l d  d ire c t io n .  Magnetic " i r r e g u la r i t i e s  
and d e v ia tio n s"  found in  younger varves were a t t r ib u te d  to  th e  presence 
o f bottom  c u rre n ts  in  th e  lake during  sed im en ta tio n . G r i f f i th s  concluded 
th a t  varved c lay  d ep o sited  under q u ie t-w a te r  co n d itio n s  w i l l  possess a
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m agnetic moment such th a t  the  d e c lin a tio n  w i l l  c lo se ly  approxim ate the 
geomagnetic f i e ld  d ire c t io n  o f the  tim e, b u t m agnetic in c l in a t io n  w i l l  
be le s s  r e l i a b le .
Two years l a t e r  G r i f f i th s  e t  a l .  (1957), working w ith  varved 
c lay s  from both  Sweden and Ic e lan d , s tu d ied  some of the fa c to rs  thought 
to  be the  cause o f the  e r ro rs  found in  f i e ld  specim ens. T heir lab o ra ­
to ry  d ep osited  c lays gave r e l ia b le  d e c lin a tio n  r e s u l t s ,  bu t produced an 
in c l in a t io n  shallow er than  the  ambient f i e ld  in  which the  a r t i f i c i a l  
sedim ents were d ep o sited . The amount o f in c l in a t io n  e r ro r  was from 10“ 
to  30“ fo r  an ambient f i e ld  in c l in a t io n  of 65“ . While Johnson e t  a l .  
(1948) had rep o rted  th a t  in c l in a t io n  e r ro r  decreased  w ith  in c re a s in g  
f ie ld  s t r e n g th ,  G r i f f i th s  e t  a l .  found l i t t l e  e f f e c t  of a change in  
f i e ld  s tre n g th  on in c l in a t io n  e r ro r .  Coarse la y e rs  w ith in  th e  Ic e la n ­
d ic  varves produced a la rg e r  in c in la t io n  e r r o r  than  did  f in e  m a te r ia l .  
There were o th e r re p o rte d  r e s u l t s  from the  in v e s t ig a tio n s  of th i s  group, 
which could have some r e la t io n s h ip  to  paleom agnetic s tu d ie s  in  p laya 
sedim ents. (1) They found la rg e  d ev ia tio n s  in  th e  d ire c tio n s  o f the 
m agnetic remanence of sedim ents la id  down in  c u rre n ts  of only a few 
cen tim eters  p e r second. (2) When comparing rounded p a r t ic le s  w ith  
f la t te n e d  p a r t i c l e s ,  they found th a t  f la t te n e d  p a r t i c le s  s e t t l e d  h o r i­
z o n ta l ly  and thereby  induced in c l in a t io n  e r r o r .  (3) There was a c lose  
dependence of in c l in a t io n  e r ro r  on g ra in  s iz e ,  which was independent 
of the source of the  sedim ent. Although in  a l a t e r  paper (1960) by 
th ese  same people, the  dependence of in c l in a t io n  e r ro r  on p a r t i c le  s iz e  
could n o t be confirm ed. (4) R o llin g  of s p h e r ic a l  p a r t ic le s  may take
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p lace  no t only on d e p o s it io n , b u t a lso  as a r e s u l t  o f changes from open 
to  c lo se  packing in  the  sedim ent.
The fo llow ing  year (1958), G r i f f i th s  e t  a l .  rep o rted  th a t  the 
im portant v a r ia b le s  which produce s e c u la r  v a r ia t io n  e r ro rs  in  sedim ents 
a re  g ra in  s iz e  ( th i s  could no t be confirm ed accord ing  to  t h e i r  1960 
p a p e r ) , d ip  of the  bedding plane (which i s  no t a f a c to r  in  p lay a  s e d i­
m en ta tio n ), and bottom c u rre n ts  du ring  d e p o s itio n . (This l a t t e r  might 
be a f a c to r  du ring  in te n se  p r e c ip i ta t io n  and ru n o ff in to  a p la y a , o r 
when s tro n g  winds d riv e  sh e e ts  of shallow  w ater acro ss  th e  p lay a  s u r ­
fa c e .)  Again, as in  t h e i r  1957 p ap er, they  suggested  th a t  th e  i n c l i ­
n a tio n  e r r o r  observed was due to  f la t te n e d  p a r t i c l e s  s e t t l i n g  h o rizo n ­
t a l l y .  The p a r t ic le s  may have been a lig n ed  w ith  th e  h o r iz o n ta l  
component of the  geomagnetic f i e ld  ( d e c l in a t io n ) , b u t they were out of 
alignm ent w ith  the  v e r t i c a l  component ( in c l in a t io n ) .  G r i f f i th s  e t  a l .  
hypothesized  th a t  p a r t i c le s  which a re  more n e a r ly  s p h e r ic a l  may have an 
in c l in a t io n  e r r o r  in troduced  by ro ta t io n  of the  g ra in s  as they  s e t t l e  
in to  spaces between o th e r  g ra in s . The team found from experim en ta tion  
th a t  the  e f f e c t  of s p h e r ic a l  m agnetic p a r t i c le s  r o l l in g  about a h o rizo n ­
t a l  a x is ,  fo r  any reaso n , w hile  s e t t l i n g  would a lso  r e s u l t  in  in c l in a t io n  
e r ro r s .  R o llin g  w hile  s e t t l i n g  might be caused by bottom  c u r re n ts ,  
d ep o sitio n  on an in c lin e d  p lan e , o r r o l l in g  in to  th e  n e a re s t  hollow  on 
a bed of s im ila r  sph eres .
Runcorn (1959) made a s ta tem en t which i s  re le v a n t to  magnetism 
in  p lay a  sedim ents. In  a h o t c lim ate  in  which th e re  a re  a t  tim es heavy 
ra in s  ( th i s  f i t s  th e  p laya  environm ent w e l l ) , i t  i s  p o s s ib le  th a t  in  
th e  su rfa ce  la y e rs  some o f th e  h em atite  g ra in s  become h y d ro lize d .
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L ate r on, the  hydroxide again  decomposes to  h em atite  which then  p icks up 
a m agnetiza tion  p a r a l l e l  to  the  ambient f i e l d .  This p rocess might be 
p a r t ic u la r ly  im portant in  porous sed im ents. R uncorn 's s ta tem en t 
appeared to  be an h y p o th e s is , as th e re  was no mention th a t  i t  had been 
te s te d  e i t h e r  by h im se lf o r by o th e rs .
In  a paper pub lished  in  1960, G r i f f i th s ,  e t  a l .  ag ain  rep o rted  
f in d in g s  of remanent magnetism in  recen t varved sed im en ts. The f i e ld  
specim ens, as b e fo re , were taken  from Swedish and Ic e la n d ic  v a rv es .
These sedim ents were red ep o sited  under c o n tro lle d  co n d itio n s  in  the 
la b o ra to ry  and measurements made o f the  remanence. In  the  a r t i f i c i a l l y  
d ep o sited  sed im en ts, the  in c l in a t io n  of th e  remanence was as much as 20° 
le s s  than  th a t  of the  ap p lied  m agnetic f i e l d ,  whereas the  in c l in a t io n  
e r ro r  was nev er more than  5° to  10° in  varved sedim ents d ep o sited  under 
n a tu ra l  co n d itio n s . Size and shape analyses showed th a t  th e  m agnetic 
p a r t i c le s  had a s iz e  d is t r ib u t io n  s im ila r  to  th a t  of the sedim ent as a 
whole. The g ra in s  were no t c le a r ly  d iv ided  in to  w e ll c o n tra s te d  groups 
of s p h e r ic a l  and p la te - l ik e  p a r t i c le s  as was suggested  in  t h e i r  1957 
paper. They s ta te d  th a t  the  m agnetic moment o f th e  sedim ents was from 
g ra in s  of m agnetite  and subm icroscopie m agnetic in c lu s io n s  in  quartz  
and fe ld s p a r  g ra in s ,  and chat a co n sid e rab le  p a r t  of the  m ag netiza tion  
of the  sedim ent was p re sen t in  the  in c lu s io n s  r a th e r  than  as f r e e  mag­
n e t ic  p a r t i c l e s .  The d if fe re n c e s  between the  remanence d ire c t io n s  and 
the  d ire c t io n  o f the  ambient f i e l d  were ex p la in ed  m ainly as an e f f e c t  o f 
r o l l in g  of th e  p a r t i c le s  on the  bed during  th e  l a s t  s ta g e  o f s e t t l i n g  
when th e  s p h e r ic a l ly  shaped p a r t i c le s  ro l le d  in to  dep ress io n s  on the  
h o r iz o n ta l  su rfa c e  o f the  bed. The d ire c t io n  o f  remanence acq u ired
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du rin g  th i s  s e t t l i n g  p ro cess  appeared to  rem ain u n a lte re d  a f t e r  
compaction o f th e  sed im en ts . From th e se  in v e s t ig a t io n s ,  G r i f f i th s  e t  
a l .  d e riv ed  an eq u atio n  to  show th e  re la t io n s h ip  between in c l in a t io n  
e r r o r  in  n a tu r a l  sedim ents and th e se  same m a te r ia ls  when re d e p o site d  
under c o n tro lle d  la b o ra to ry  c o n d itio n s ;
ta n  Ig = f  tan  1^,,
where Ig  i s  the  in c l in a t io n  o f the  remanent m ag n e tiza tio n  found in  th e  
sed im en ts . Ip  i s  th e  in c l in a t io n  o f th e  ambient f i e l d  a t  th e  s i t e  of 
d e p o s it io n , and f  i s  a co n stan t equal to  0 .4 . The in c l in a t io n  e r r o r  (è) 
can be d efined  as
i p - V
As m entioned p re v io u s ly  in  th is  s e c t io n ,  McNish and Johnson 
(1938) suggested  th a t  groundw ater w ith in  th e  pore  spaces o f th e  co arse , 
sum m er-deposited sedim ents o f a  varve  co u p le t p e rm itte d  realignm ent o f 
th e  m agnetic g ra in s  to  a  geom agnetic f i e ld  d i r e c t io n  d i f f e r e n t  from th a t  
a t  th e  tim e o f d e p o s it io n . Irv in g  and Major (1964) te s te d  th e  hypothe­
s i s  in  a  la b o ra to ry  in v e s t ig a t io n  in  which they  used m ix tures o f quartz  
p a r t i c l e s  and m agnetic g ra in s  (m agnetite  and h em atite ) to  determ ine 
w hether o r n o t an e x te r n a l  f i e ld  would tu rn  randomly o r ie n te d  m agnetic 
g ra in s  in  th e  d ir e c t io n  o f  a  f i e ld  ap p lied  a f t e r  d e p o s it io n . T heir 
experim ents showed p o s t-d e p o s it io n a l  rea lignm en t to  be p h y s ic a lly  pos­
s ib le .  M agnetic g ra in s  (th ey  used m agnetite  and h e m atite  s e p a r a te ly ) ,  
whose moments were a t  f i r s t  randomly o r ie n te d , became a lig n ed  w ith  th e  
ap p lied  f i e l d  d u rin g  a few te n s  of hours in  which th e  sedim ents were w et. 
This p o s t-d e p o s it io n a l  remanent m ag n etiza tio n  (PDRM) was thought to  
r e s u l t  from b o d ily  r o ta t io n  o f the  m agnetic p a r t i c l e s  w ith in  th e  s o f t .
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w a te r - f i l l e d ,  u nconso lida ted  sedim ent in to  the  d ire c t io n  o f an 
e x te rn a lly  ap p lied  f i e l d .  The PDRM showed good agreement w ith  the  
d ire c t io n  of the  ap p lied  f i e ld ,  and remained s ta b le  during  p ro g ress iv e  
dem agnetization .
Jacobs (1967) a ssessed  th e  s ta tu s  of knowledge of paleom agnetism  
in  sedim entary rocks a t  the  tim e , when he commented th a t  th e  m agnetic 
g ra in s  tend  to  a l ig n  them selves along the  d ire c t io n  o f the  geomagnetic 
f i e ld  w hile  th e  sedim ent i s  s t i l l  wet and un co n so lid a ted . L a te r ,  th e se  
m agnetic g ra in s  may g e t locked in to  p o s it io n  to  form a m easurable mag­
n e t ic  moment in  specimens taken from the  sedim entary  rock. When in t e r ­
p re tin g  paleom agnetic d a ta  derived  from such sed im en ts , one o f  the  
p r in c ip a l  u n c e r ta in t ie s  was in  decid ing  what p h y s ic a l and chem ical 
changes th e  rocks had undergone s in ce  they were la id  down as sed im ents. 
Although Jacobs was w r it in g  about long-term  sedim entary  rock fo rm ation , 
h is  comments were a p p lic a b le  to  more recen t u nconso lida ted  sedim ents 
such as those found in  p lay as .
In a  l a t e r  book, Strangway (1970) r e c a p itu la te d  some o f the  
work done in  the  f i e ld  o f paleom agnetism in  sedim ents. Small p a r t i c le s  
of m agnetic m a te r ia l  tend  to  have a high degree o f m agnetic s t a b i l i t y .  
M ineralog ica l s tu d ie s  o f sedim ents in d ic a te d  th a t  th e  main m agnetic 
m inera l was m ag n etite , u su a lly  in  p a r t i c l e  s iz e s  of j u s t  a few m icrons.
In those  experim ents in v o lv in g  a range o f g ra in  s iz e s ,  th e  in c l in a t io n  
e r ro r  was g e n e ra lly  reduced. A pparen tly , as th e  m oist sedim ent d ried  
out and compacted, many o f the  sm a lle r m agnetic p a r t i c le s  s e t t l e d  in to  
the  spaces between the la rg e r  g ra in s .
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The Basin and Range P rov ince, from which the  sedim ents fo r  th is  
resea rch  p ro je c t  were tak en , i s  a te c to n ic a l ly  a c tiv e  reg ion  (A tw ater, 
1970). Earthquakes o f va rio u s  in te n s i t i e s  a re  p re se n tly  cen tered  in  the  
reg io n , and th e re  i s  l i t t l e  doubt th a t  moderate to  severe  earthquakes 
have been experienced re g u la r ly  w ith in  the  Province throughout the  p a s t 
s e v e ra l m ill io n  y e a rs . This ra is e s  the  q u estio n  as to  what d is tu rb an ces  
earthquakes may have caused w ith in  th e  sedim ents of th e  p layas in  a way 
th a t  a f fe c te d  the  accuracy of th e  paleom agnetic reco rd . As mentioned 
e a r l i e r ,  Johnson e t  a l .  (1948) performed a sh ak in g -tab le  experim ent to  
determ ine the  probable e f f e c t s  o f seism ic waves upon the  m agnetic moment 
o f  sed im ents, and found no changes in  the  d ire c t io n  o f th e  moment. 
F ran c is  (1971) in troduced  ano ther co n sid e ra tio n . His paper d e a lt  w ith 
th e  p o ss ib le  e f f e c t  o f earthquakes on deep-sea sedim ents, p a r t ic u la r ly  
those sedim ents f i l l i n g  the  oceanic tre n c h es . However, a few o f the  
p o in ts  he made might be a p p lic ab le  to  p laya sedim ents under c e r ta in  con­
d i t io n s .  F ranc is  hypothesized  th a t  earthquakes caused p e rio d ic  liq u e ­
fa c tio n  o f the  oceanic sed im ents, which kept them e s s e n t ia l ly  h o r iz o n ta l 
r a th e r  than  deformed o r fo ld ed . The oceanic sedim ents a re  th ix o tro p ic , 
th a t  i s ,  they change from a se m i-so lid , j e l l y - l i k e  co n d itio n  to  a l iq u id  
s t a t e  w hile  be ing  shaken by seism ic waves, and re v e r t  back to  th e  semi­
s o l id  c o n d itio n  a f t e r  c e s sa tio n  o f th e  seism ic waves. F ranc is  c ite d  
Boswell (1949), who showed th a t ,  excep t fo r  co arse , c lean  sands and 
g ra v e ls , a l l  un co n so lid a ted  sedim ents a re  to  some degree th ix o tro p ic . 
Thixotropy is  in c reased  by an in c rease  in  the p ro p o rtio n  o f  f in e ly  
d iv ided  p a r t i c le s  and p la ty  g ra in s  w ith in  the sedim ent. This phenomenon 
i s  p o ss ib le  in  p laya  sedim ents only during  the  ra in y  season when the
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sedim ents a re  w et, and then only to  a depth  of a few cen tim ete rs  in  
those p layas where the  sedim ents a re  r e la t iv e ly  impermeable to  ground­
w ater and su rface  w ater.
In  a study of baked c la y s , B a rb e tt i  and McElhinny (1972) used 
dune sands to  determ ine th e  geomagnetic f i e ld  d ire c t io n  above and below 
c lay  f i r e p i t s .  Loose dune sands would seem to  be an u n re lia b le  means 
fo r  paleom agnetic s tu d ie s ,  b u t fo r  f iv e  o f the  dune specimens below th e  
f i r e p i t  le v e l they had an alpha-95 (F ish e r , 1953) o f 4 .9 ° ,  and fo r  fo u r 
dune specimens above th e  le v e l  of the  f i r e p i t  c lays they  ob ta ined  an 
alpha-95 of 3 .9 ° . The w ind-deposited  sedim ents appeared to  be a t  l e a s t  
as r e l ia b le  in d ic a to rs  of s e c u la r  v a r ia t io n  as lak e  sedim ents. This i s  
re le v a n t to  p laya  sedim ents fo r  th e  reason  th a t ,  du ring  the  dry season, 
a few loose p a r t ic le s  a t  the  su rfa ce  of th e  p laya a re  o f te n  moved by 
w inds. The p o s s ib i l i ty  of p a r t i c l e  alignm ent w ith the  geomagnetic f i e ld  
by winds a t  th e  su rface  of a p laya  must be co n sid ered , even though the  
more a c tiv e  d e p o s it io n a l agent i s  l ik e ly  to  be in te rm it te n t  su rface  
w aters as a t te s te d  to  by the f la tn e s s  o f p lay a  su rfa c e s . I f  winds were 
more e f fe c t iv e  than the  o ccas io n a l su rfa ce  w a te r , th e re  would be evidence 
o f r ip p le  marks, sm all dunes, and d e f la t io n  hollow s. While some of th e se  
f e a tu re s ,  p a r t ic u la r ly  dunes, can be found a t  the  edges o f  p la y a s , they  
a re  no t found on the smooth, h a rd  su rfa ce  o f the  i n t e r io r  o f th e  p lay a .
Kent (1973) s tu d ie d  remanent magnetism in  s y n th e t ic a l ly  
deposited  sedim ents. He found th e  r e s u l t s  were u n re l ia b le ,  i f  the  s e d i­
ments were too  w et. He p o s tu la te d  th a t  th e  p h y s ica l o r ig in  o f p o s t-  
d e t r i t a l  remanent magnetism was l ik e ly  to  be c lo se ly  r e la te d  to  Brownian 
motion w ith in  wet sedim ents. The sm all g ra in  d iam eters o f th e  m agnetic
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m inera ls  and the  la ck  o f in c l in a t io n  e r r o r  in  most deep-sea sedim ents 
were o ffe re d  in  support of h is  model o f m agnetic g ra in  alignm ent in  an 
e x te rn a l f i e l d  by Brownian movement. K ent’s p re lim in a ry  la b o ra to ry  
in v e s t ig a t io n s  in d ic a te d  th a t  only a sm all decrease  in  the w a ter con ten t 
o f sedim ents was necessa ry  to  " lo ck  in "  any p o s t d e p o s it io n a l remanent 
magnetism. This suggested  to  him th a t  PDRM was acqu ired  a t  a shallow  
depth below th e  sedim ent su rfa c e . He a lso  found d e v ia tio n  from the  
c o n tro l f i e ld  in  those  sedim ents where th e re  was v i s ib le  deform ation 
r e s u l t in g  from p a r t i a l  d ry ing  o f the  o therw ise  damp sedim ents. Deforma­
t io n  due to  d e s s ic a tio n  is  an im portan t c o n s id e ra tio n  in  the  case o f 
p laya  sedim ents. Kent re p o rte d , as o th e rs  had p re v io u s ly , th a t  the  
in te n s i ty  of remanent m agnetiza tion  in  th e  sedim ents was l in e a r ly  
p ro p o rtio n a l to  the  in te n s i ty  o f th e  c o n tro l f i e ld .
Thompson (1973) a lso  concluded th a t  th e  NRM in  sedim ents 
becomes s ta b i l iz e d  soon a f t e r  th e  tim e of d e p o s it io n , and a l te rn a t in g  
f i e ld  dem agnetization  showed th i s  NRM to  be of h igh  s t a b i l i t y .  In h is  
s tudy  of cores taken from th e  sedim ents of Lake Windermere in  England, 
Thompson learn ed  by comparison o f measurements from the  top one m eter 
o f the  lake cores w ith  o b servato ry  and archaeom agnetic d a ta  fo r  the 
p a s t 500 years  th a t  the  s ta b le  remanent m ag netiza tion  occurred  s h o r tly  
a f t e r  d ep o s itio n . Thompson used p o llen  assem blages to  da te  sedim ents 
from an o th er la k e . Lough Neagh. He found the  p o lle n  da tes  in  good 
agreement w ith  the m agnetic ages. (We t r i e d  to  use th i s  method of d a t­
in g  fo r  th e  p laya  sed im en ts , bu t Dr. L. R. W ilson, a  p a ly n o lo g is t a t 
The U n iv e rs ity  o f Oklahoma, could f in d  no p o lle n  in  the p a r t ic u la r  
specimens I p rov ided .)
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A comment was made about th e  in te n s i ty  o f magnetism in  sedim ents 
by C reer and Kopper (1974), who suggested  th a t  in te n s i ty  o f the  m agnetic 
moment depends upon th e  m in e ra lo g ic a l com position of th e  sedim ent as 
w e ll as on th e  s tre n g th  o f th e  e a r t h 's  f i e ld  a t  th e  tim e o f d e p o s it io n . 
T heir comments about m in e ra lo g ic a l com position as a f a c to r  in flu en c in g  
the  in te n s i ty  of m ag n etiza tio n  in  sedim ents i s  u n d e rs tan d ab le , as mag­
n e t i t e ,  fo r  example, i s  more s tro n g ly  m agnetic than  h e m a tite . And 
c e r ta in ly  th e  in te n s i ty  of th e  moment in  sedim ents would be s tro n g e r  o r 
weaker depending upon the  p ro p o rtio n  o f m agnetic to  non-m agnetic p a r­
t i c l e s  fo r  a given volume. The d e t r i t u s ,  u su a lly  o f igneous o r ig in ,  
c o n tr ib u tin g  to  th e  m agnetic moment o f a sedim ent has acq u ired  i t s  
o r ig in a l  m agnetiza tion  a t  th e  tim e of i t s  fo rm ation . T h e re fo re , i t s  
in te n s i ty  is  p ro p o r tio n a l to  th e  s tre n g th  o f th e  ambient f i e ld  a t  th e  
tim e of i t s  fo rm ation .
I t  may be th a t  du rin g  sed im en ta tio n  a s tro n g  ambient f i e ld  
a lig n s  more m agnetic p a r t i c l e s ,  thus c o n tr ib u tin g  to  th e  t o t a l  moment 
of the  sedim ents. P o ss ib ly  a weaker f i e ld  would a l ig n  few er p a r t i c l e s ,  
thereby  d ecreasin g  the number o f p a r t i c le s  c o n tr ib u tin g  to  the  measur­
ab le  moment o f the  sedim ent. To my knowledge th i s  l a s t  h y p o th esis  has 
no t been te s te d .
Graham (1974) determ ined the  remanent m ag n etiza tio n  o f modern 
t i d a l  f l a t  sed im ents. He concluded th a t  the  remanent m ag n etiza tio n  o f 
th e  t i d a l  f l a t  sedim ents was s ta b le  under co n d itio n s  o f rep ea ted  w e ttin g  
and dry ing  as i t  would occur in  n a tu re . R ew etting d id  n o t rem o b ilise  
the  t i d a l  f l a t  sedim ent. He p o s tu la te d  th a t  th i s  was because o f th e  
sed im en t's  f in e -g ra in e d , cohesive c h a r a c te r i s t i c .  His r e s u l t s  have
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a p p lic a tio n s  to  p lay a  sed im en ts, which a re  sea so n a lly  w etted  and d r ie d , 
and a re  a ls o  f in e -g ra in e d  and cohesive away from the  sh o re lin e .
Peach and P e r r ie  (1975) in  t h e i r  s tudy  of g ra in  s iz e  
d i s t r ib u t io n  w ith in  g la c ia l  varves concluded th a t  th e  coarseness o r 
fin en ess  o f the sedim ent r e f le c te d  th e  r a te  o f d e p o s it io n , which in  tu rn  
was a d i r e c t  r e s u l t  o f such fa c to rs  as changes in  r a i n f a l l ,  changes in  
stream  c u r re n ts ,  and changes in  th e  d ire c t io n  and v e lo c i ty  o f lake cur­
r e n ts .  The in te r n a l  s t ru c tu re  of the  varves was thus r e la te d  to  
seaso n a l v a r ia t io n s  in  r a i n f a l l  and ru n o ff. These same fa c to r s  would 
a f f e c t  somewhat the  p a r t i c l e  s iz e s  to  be found in  n earsh o re  p laya  s e d i­
m ents, b u t probably  le s s  so toward the  m iddle o f  th e  p lay a  f a r  removed 
from the  coarse  m a te r ia l  a t  the  sh o re lin e s .
In  t h e i r  in v e s t ig a t io n  o f an a n c ie n t p la y a - la k e  complex,
E ugster and Hardie (1975) used p resen t-d ay  p ro cesses  o ccu rrin g  in  the  
sedim entary environm ent o f a modern p laya  to  in te r p r e t  th e  an c ien t p laya  
d e p o s its . Some of t h e i r  comments a re  a p p lic a b le  to  th i s  re se a rc h . They 
suggested  th a t  th in  sh ee ts  o f w ater on th e  su rfa c e  of a p lay a  dep o sited  
th e  f in e  g ra in s  m ainly as a t r a c t io n  lo a d , th a t  i s ,  as b ed -load  moved 
by the  wind-blown sh ee t of su rfa ce  w a ter. They suggested  th a t  th i s  i s  
th e  p r in c ip a l  means o f d e p o sitio n  o f the  p laya  sed im en ts , r a th e r  than  
s e t t l i n g  out of s tan d in g  w a ter. I  have observed the  movement o f wind­
blown sh ee ts  o f shallow  w ater on th e  p laya  s u r fa c e , b u t I  have a lso  
observed long  p erio d s  o f q u ie t w a ter s tan d in g  on the  p lay a  su rfa ce  fo r  
extended p erio d s  ( th re e  o r fo u r days) du rin g  n e a r ly  continuous l ig h t  
r a in .  This u su a lly  occurs in  the  Spring ra in y  season . The p laya  su rfa c e  
is  su b jec ted  to  wind-blown sh ee ts  o f su rfa ce  w a te r , bu t th e re  a re  p e rio d s
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o f r e la t iv e  q u ie t when a few cen tim eters  of s tan d in g  su rface  w ater might 
a llow  m icroscopic s iz e  p a r t ic le s  of m agnetic m inera ls  to  s e t t l e  ou t in  
alignm ent w ith  the geomagnetic f i e ld .
GEOGRAPHIC LOCATIONS OF THE SAMPLING SITES
Playas in  w estern  United S ta te s  a re  lo ca ted  p r in c ip a l ly  in  the  
Basin and Range Physiographic P rov ince. The Province i s  c h a ra c te riz e d  
by is o la te d ,  n ea rly  p a r a l le l , f a u l t - b lo c k  mountain ranges. The d e se r t  
f lo o rs  s e p a ra tin g  the  mountain ranges l i e  in  to p o g rap h ica lly  enclosed 
b a s in s , w ith  in t e r io r  d ra in ag e , in  an environment where annual evapora­
tio n  exceeds p re c ip i ta t io n . The average ev apo ra tion  from open lak es  in  
the  p r in c ip a l p laya reg ions ranges from 40 to  90 inches p e r y ea r . 
T h ree-q u arte rs  o f th is  ev ap o ra tio n  occurs between May and O ctober (N eal, 
1965). W ithin th is  a r id  reg ion  th e re  a re  s e v e ra l  hundred p la y a s , each 
w ith  a su rfa ce  a re a  in  excess o f th re e  square m ile s , and perhaps 
thousands of sm alle r p lay as .
The specimens used in  th is  resea rch  p ro je c t  were taken  from
th re e  la rg e  p layas in  the  Basin and Range P rov ince . S ite  A and S ite  B
specimens were from W illcox P lay a , A rizona. S i te  C and S ite  D specimens
were from Red Lake P laya , A rizona. S ite  E specimens were from Smith
Creek V alley P lay a , Nevada (F igure  1 ) . The geographic co o rd in a tes  of
each s i t e  a re :
S ite  A -  32° 04’ North 109° 50’ West
S ite  B -  32° 08’ North 109° 53’ West
S ite  C -  35° 40’ North 114° 06’ West
S i te  D -  35° 40’ North 114° 06 ' West











Site A and Site B: Willcox Playa
Site C and Site D: Red Lake Playa
Site E: Smith Creek Valley Playa
Figure 1, Geographic Locations of the Sampling Sites
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W illcox P laya is  n ea r W illcox , A rizona, in  the  n o rth e rn  p a r t  
o f Sulphur Springs V a lley , lo c a te d  in  Cochise County in  th e  so u th ea s t 
com er o f A rizona.
Red Lake P laya  l i e s  approxim ately  40 m iles  n o rth  o f Kingman, 
A rizona, in  the  H ualapai V alley o f Mohave County in  th e  n o rth w este rn  
p a r t  of A rizona.
Smith Creek V alley P laya is  about 25 m iles southw est o f A ustin  
in  Lander County, Nevada, in  th e  c e n tr a l  p a r t  o f the  s t a t e .
The s t r a ig h t  l in e  d is ta n c e  between W illcox  P laya and Red Lake 
Playa i s  342 m ile s , and the  s t r a ig h t  l in e  d is ta n c e  between Red Lake 
P laya and Smith Creek V alley  P laya  is  320 m ile s .
GEOLOGY OF THE SAMPLING SITES
O rig in a lly , th e  Spanish word "p laya" had the  meaning "beach ."  
D iffe re n t usage of th e  word in  th e  U nited S ta te s  has changed the  mean­
ing h e re . By d e f in i t io n ,  the  f l a t - f lo o r e d  bottom  of a d e se r t  lake 
b a s in  i s  c a lle d  a p lay a . L o ca lly , such terms as dry pan, s a l t  pan, 
s a l t  f l a t ,  a lk a l i  f l a t ,  s a l in a ,  and s a l t  marsh a re  used. These lo c a l  
term s o ften  re v e a l v a r ia t io n s  in  p lay a  com position, b u t most p layas 
co n ta in  f in e -g ra in e d  s i l t  and c lay  w ith  v a r ia b le  q u a n t i t ie s  o f secon­
dary s a l in e ,  s u l f a t e ,  and carbonate m inera ls  (N eal, 1965). S easo n a lly , 
a p laya  may be covered w ith  shallow  w ater. I t  i s  then more a c c u ra te ly  
c a lle d  a p laya  lak e .
Many p layas of w estern  United S ta te s  were th e  s i t e s  of l a r g e r ,  
more permanent lakes during  the  P le is to c e n e  Epoch when they  were 
re c e iv in g  la rg e  q u a n t i t ie s  of d e t r i tu s  from the  nearby m ountains.
Today's p layas a re  remnants o f those  an c ien t la k e s . Geophysical s tu d ie s  
(C abaniss, 1965) of e ig h teen  Basin and Range p layas rev ealed  th ick n esses  
of the  sedim ents rang ing  from 1,000 to  12,000 f e e t .  Smith Creek V alley 
P lay a , Nevada, one of those  included in  C ab an iss 's  s tu d y , and from which 
specimens fo r  t h i s  paleom agnetic re sea rc h  p ro je c t  were ta k en , con ta in s 
sedim ents 2,000 fe e t  th ic k ;  the  r e la t iv e ly  th in  upper le v e l  be ing  more 
re c en t than P le is to c e n e . The f in e -g ra in e d , c lo se ly  packed c h a ra c te r  of 
the sedim ents away from the sh o re lin e  makes them g en e ra lly  im pervious
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to  su rface  w ater i n f i l t r a t i o n ,  although I  d id  f in d  p laya  sedim ents m oist 
to  depths o f one m eter fo llow ing prolonged ra in . The coarse  d e t r i tu s  
a t  the  edges o f the p laya  i s  q u ite  perm eable.
The amount o f d e f la t io n  of p layas during  th e  long dry season 
is  a m a tte r fo r  debate . The e f f e c t  o f wind e ro s io n  must c e r ta in ly  
depend upon the  c h a ra c te r  of the  su r fa c e , which d i f f e r s  among playas 
according to  th e i r  m inera l c o n ten t, depth to  the  groundwater ta b le , 
and groundwater d isch a rg e . V aria tio n s  in  th ese  fa c to rs  can produce 
p layas w ith  m o is t, d ry , o r flaky  su rfa c e s . Flaky su rfa ce s  a re  the 
most prone to  wind e ro s io n , and m oist su rface s  th e  l e a s t .  The dry 
p laya  su rfa ce  has been d escribed  (Kerr and Langer, 1965) as having a 
h a rd , d ry , impermeable c ru s t co n ta in in g  in  excess o f 50 percen t c lay  
m in e ra ls , high in  carbonate  co n ten t, and low in  so lu b le  s a l in e s .  These 
dry su rface s  have a h igh  b ea rin g  s tre n g th  (they  supported  the  w eight of 
our fu l ly  loaded s ta t io n  wagon, leav ing  v i r t u a l ly  no wheel t r a c k s ) ,  and 
are broken by to o ls  only w ith  d i f f i c u l ty .  K err and Langer exp lained  
th is  phenomenon as be ing  caused by the  s tro n g  m olecu lar fo rces  of 
a t t r a c t io n  between ad jacen t c o l lo id a l  p a r t i c le s  which come in  con tac t 
when th e  d isp e rs in g  medium (w ater) i s  removed by ev ap o ra tio n . I t  is  
d i f f i c u l t  to  imagine much wind e ro sio n  on such a su r fa c e , and, in  f a c t ,
I  observed l i t t l e .  The h a rd , d ry , compact c ru s t has only a n e g lig ib le  
m ic ro re lie f  caused by mud sh rinkage. P layas a re  the  f l a t t e s t  of a l l  
landform s, o fte n  s lo p in g  only one fo o t ,  o r l e s s ,  p e r m ile .
Motts (1965) s ta te d  th a t the  p r in c ip a l  d e p o s it io n a l agent fo r  
"dry type" p layas i s  su rfa c e  w a te r , in  c o n tra s t to  "m oist type" p layas 
where groundwater i s  th e  dominant d e p o s it io n a l ag en t. Most of the
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sedim ents deposited  by su rface  w ater a re  e l a s t i c s ,  a lthough e v ap o rlte  
m inerals and n o n -c la s t lc  carbonates may a lso  be d ep osited  by su rface  
w a ters . Two of the  p layas (Red Lake and Smith Creek V a lley ), from 
which th e  specimens fo r  th is  paleom agnetic resea rch  were tak en , a re  
dry su rface  type. Photographs of W illcox P laya show fla k y  su rfa c e s  
(Cow glll, 1969), dunes, and "blow outs" (S ch re lber e t  a l . ,  1972).
Motts b e liev ed  c a p il la ry  r i s e  and d isch arg e  of groundwater to  be 
re sp o n sib le  fo r  the  flaky  c ru s t o f W illcox P laya . I  have no t person­
a l ly  observed the su rface  of W illcox P laya during  the  dry season .
Atwater (1970) considered  the  Basin and Range Province to  be a 
w ide, s o f t  boundary between two r ig id  p la te s .  According to  h e r .  L ate 
T e rtia ry  deform ation of the Province occurred  as a "megashear" In  th e  
same d ire c tio n  and sense as the  San Andreas f a u l t .  Some o f the  f a u l t s  
w ith in  th i s  "megashear" show s t r l k e - s l l p  m otion, and o th e rs ,  such as 
those In the  Basin and Range, a re  a t  angles to  th e  s t r l k e - s l l p  f a u l t s ,  
which produced opening or te n s io n . A tw ater th e o riz ed  th is  would 
account fo r  the  T e r tia ry  v o lcan lcs  and the f a u l t  b lock  m ountains of th e  
p rov ince . Hot sp rin g s  a re  found along some of the  f a u l t s ,  many of which 
extend down through the  b a s in  sedim ents In to  the  bedrock beneath . Hot
sp rin g s  occur along the w estern  edge of Smith Creek V alley P lay a ,
Nevada. No paleom agnetic specimens were taken w ith in  s e v e ra l  m iles o f 
th ese  ho t sp rin g s .
W illcox P la y a , A rizona
See F igure 2. The fo llow ing  bo rd erin g  h igh lands have su p p lied  









Figure 2 , Geology of the Sampling Sites. Dos Cabezas Mountains: Pré­
cambrien and Tertiary volcanics and intrusives. Winchester 
Mountains: Precambrian and Tertiary volcanics and Intrusives. 
Dragoon Mountains: Tertiary intrusives and Penn-Permian
carbonates. (Source: A.A.P.G. Geological Highway Map)
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Dos Cabezas M ountains: Seven m iles  n o r th e a s t .  T e r tia ry
g ra n ite  and g ra n o d io rite  in t r u s iv e s .  T e r t ia ry  a n d e s i t ic  and r h y o l i t i c  
v o lc a n ic s . Precam brian s c h is t  and g ra n i te .
W inchester M ountains: Seven m iles n o rthw est. T e r t ia ry
in te rm ed ia te  v o lc a n ic s . T e r tia ry  s i l i c i c  v o lc a n ic s . Precam brian 
g ra n ite .
Red B ird H i l l s :  Three m iles w est. C retaceous sedim entary
rocks. Permian lim esto n es .
L i t t l e  Dragoon Mountains : Twelve m iles  w est. T e r t ia ry
g ra n ite  and g ra n o d io r ite  in t r u s iv e s .  Precam brian lim estone w ith  
a sso c ia te d  b a s a l t  flow s. Precam brian s c h is t .
Dragoon M ountains: Seven m iles  sou thw est. P ennsy lvan ian-
Permian dolom ite and lim estone . T e r t ia ry  g ra n ite  and g ra n o d io r ite  
in t r u s iv e s .
Sulphur H i l l s :  Nine m iles so u th -so u th e a s t. T e r t ia ry  s i l i c i c
v o lc a n ic s .
P at H i l l s :  Fourteen m iles s o u th e a s t. T e rtia ry -C re taceo u s
g ra n ite  and g ra n o d io rite  in t r u s iv e s .  T e rtia ry -C re ta c eo u s  a n d e s i t ic  
and r h y o l i t i c  v o lc a n ic s .
(Source: U .S.G .S. Geologic Map o f A rizona, 1969.)
None of th ese  rock types i s  a p a r t ic u la r ly  good source  o f the  
iro n -b e a rin g  m in era ls  necessa ry  to  produce sedim ents w ith  a s tro n g  
m agnetic component. The f r a c t io n  of m agnetic m inera ls  in  th e  s i a l i c  
rocks i s  sm a ll. The b a s a l t  flows o f the  L i t t l e  Dragoon M ountains a re  
th e  one ex cep tio n , and th ese  flows a re  tw elve m iles  from th e  n e a re s t  
s h o re lin e  o f the  p lay a .
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Red Lake P la y a . A rizona 
See F igure 3. The fo llow ing  mountains and h i l l s  have provided 
th e  source m a te r ia l  fo r  th e  sedim ents in  th e  p lay a :
Grand Wash C lif f s  of the Music M ountains: S ix  m iles  e a s t -
n o r th e a s t .  Precam brian g ra n i te s .  Precam brian g n e is s . Cambrian- 
O rdovician lim esto n es . T e r tia ry  s i l i c i c  v o lc a n ic s . Q u artem ary -
T e r tia ry  b a s a l t i c  flo w s, t u f f s ,  and c in d e rs .
White H i l l s :  Seven m iles w est. Precam brian g n e is s .
C retaceous r h y o l i t i c  and a n d e s i t ic  flows and t u f f s .  Q uartem ary -
T e r t ia ry  b a s a l t i c  flo w s, t u f f s ,  and c in d e rs .
Cerbat Mountains : Four m iles  sou thw est. Precam brian g n e iss .
C retaceous a n d e s i t ic  flows and tu f f s .
Unnamed o u t l i e r s  o f the C erbat M ountains: Less than  o n e-h a lf
m ile  from the  w est edge o f the  p laya . Precam brian g n e iss . Q u artem ary - 
T e r t ia ry  b a s a l t i c  flow s, t u f f s ,  and c in d e rs .
Lone M ountains: E ighteen m iles  s o u th -so u th e a s t. Precam brian
g n e iss . C retaceous a n d e s i t ic  flows and tu f f s .
(Source: U .S.G .S. Geologic Map of A rizona, 1369.)
Many o f th e se  h igh land  rocks a re  r ic h  in  iro n -b e a rin g  m in e ra ls , 
and the  p lay a  sedim ents deriv ed  from them show a r e l a t iv e ly  s tro n g  
m ag n e tiza tio n .
Smith Creek V alley P la y a , Nevada 
See F igure 4 . The p laya  sedim ents a re  predom inately  from the  
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Figure 3. Geology of the Sampling Sites, lAite Hills; Tertiary volcanics, 
Cerbat Mountains: Precambrian intrusives and Tertiary volcanics.
Music Mountains: Precambrian intrusives and Tertiary volcanics,
(Source; A.A.P.G, Geological Highway Map)
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Figure Geology of the Sampling Sites, Both the Desatoya Mountains and 
the Shoshone Mountains are Tertiary volcanics: Miocene lavas. 
(Source: A.A.P.G. Geological Highway Map)
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Desatoya M ountains; Five m iles  w est and as c lo se  as th re e  
m iles a t  th e  n e a re s t  p o in t. T e r tia ry  v o lc a n ic s .
Shoshone M ountains: Five m iles  e a c t and as c lo se  as two
m iles a t  th e  n e a re s t  p o in t. T e r t ia ry  v o lc a n ic s .
New Pass M ountains: T h irte en  m iles n o rth . T e r tia ry  v o lc a n ic s .
The T e r t ia ry  v o lcan ics  which comprise th e  h igh lands c o n s is t  o f 
r h y o l i t e ,  l a t i t e ,  d a c i te ,  a n d é s ite , b a s a l t  and tu f f .  There are  minor 
outcrops of Mesozoic sedim entary rocks such as lim esto n e , s h a le , sand­
s to n e , conglom erate, and w a te r - la id  t u f f s .
(Source: American A sso c ia tio n  of Petroleum  G eo log ists  Geolog­
i c a l  Highway Map o f the  P a c if ic  Southwest R egion.)
I t  was n o t j u s t  a fo r tu n a te  circum stance th a t  specimens taken  
from both  Red Lake P laya and Smith Creek V alley P laya fo r  paleom agnetic 
study had a r e la t iv e ly  s tro n g  m ag n e tiza tio n . The S ite  A and S ite  B 
specimens were c o lle c te d  in  W illcox P lay a , bu t when both  the  chem ical 
an a ly ses and magnetometer measurements in d ic a te d  th a t  th e  sedim ents 
were d e f ic ie n t  in  iro n  and had a weak m agnetic moment, th e  o th e r two 
p layas were c a re fu l ly  chosen from geo log ic  maps o f th e  reg io n  to  ensure  
th a t  th e  surrounding  h igh lands were p redom inate ly  b a s a l t i c .  These 
l a t t e r  two dry lak es  are  n e a r ly  surrounded by mountains and h i l l s  of 
T e r tia ry  v o lc a n ic s , which have been p ro v id in g  m ag n e tica lly  r ic h  
sedim ents to  the  lake  beds during  thousands o f seaso n a l r a in s .
MODERN GEOMAGNETIC DATA AT SAMPLING SITES^
W illcox P lay a , A rizona
D ec lin a tio n : 12.75° E as t. Annual change: 2 .2 5 ' westward.
In c l in a t io n :  60° N orth. Annual change: - 2 . 0 ' .
F ie ld  In te n s i ty :  50,750 gamma. Annual change: Decrease 52 gamma.
Red Lake P lay a , A rizona
D eclin a tio n : 15.0° E ast. Annual change: 2 .0 ' w estward.
In c l in a t io n :  61° N orth. Annual change: - 2 . 2 ' .
F ie ld  I n te n s i ty :  52,000 gamma. Annual change: D ecrease 51 gamma.
Smith Creek V alley P lay a , Nevada
D ec lin a tio n : 17.2° E as t. Annual change : 2 .0 ' westward.
In c l in a t io n :  65° N orth. Annual change: - 2 . 2 ' .
F ie ld  I n te n s i ty :  53,500 gamma. Annual change: D ecrease 47 gamma.
Sources o f in fo rm atio n .
D ec lin a tio n : U.S. Coast and G eodetic Survey
Isogon ic  Chart of th e  United S ta te s ,  1965.0.
I n c l in a t io n :  U.S. Naval Oceanographic O ffice
Map of the  M agnetic In c l in a t io n  o r Dip, Epoch 1965.0.
F ie ld  In te n s i ty :  U.S. Coast and G eodetic Survey




METHODS USED IN CONDUCTING THE RESEARCH
Sampling C onsidera tions 
This re sea rch  was to  t e s t  the  h y p o thesis  th a t  tem poral changes 
in  th e  m agnetiza tion  o f  p lay a  sedim ents could be c o rre la te d  w ith  tem­
p o ra l changes o f th e  geomagnetic f i e ld  th a t  have been found in  baked 
c lay s  from the  sou thw estern  U nited S ta te s .  To c a rry  out th i s  t e s t ,  i t  
was n ecessa ry  to  sample playa sedim ents from th e  same g en e ra l a re a , 
which would in su re  th a t  both  the  sedim ents and baked c lay s  had been 
exposed to  approxim ately  the  same paleom agnetic f i e ld  v a r ia t io n s .  For 
more s ig n i f ic a n t  com parisons, specimens were c o lle c te d  from th re e  d i f ­
fe re n t p layas in  th e  same g en era l reg ion  as the  baked c lay  s tu d ie s .
The sam pling had to  be done in  such a manner th a t  the  
specimens would be re p re s e n ta t iv e  of sedim ents th a t  became p ro g re ss iv e ly  
o ld e r  in  tim e , beg in n in g  w ith  the  p re s e n t ,  as they  were to  be compared 
w ith  archaeom agnetic d a ta  which a lso  became p ro g re s s iv e ly  o ld e r  in  tim e. 
Assuming th a t  the  su rfa c e  rep re sen ted  p re sen t-d ay  d e p o s it io n , the  sp e c i­
mens would be c o lle c te d  a t  re g u la r  in te rv a ls  v e r t i c a l ly  downward. I t  
was no t c e r ta in  th a t  th e  su rfa ce  o f th e  p lay a  re p re se n te d  p resen t-d ay  
d e p o s it io n , as th e re  was the  p o s s ib i l i ty  th a t  wind e ro s io n  had lowered 
th e  su rfa ce  to  expose o ld e r  sedim ents.
I t  was necessa ry  to  c o l le c t  specimens a t  s i t e s  th a t  showed no 
v i s ib le  ev idence of hav ing  been d is tu rb e d , as d iso rd e red  sedim ents
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would not provide a r e l ia b le  reco rd  of the  paleom agnetic f i e ld .  At 
each s i t e ,  a lo c a tio n  was chosen fo r  sam pling which was d is ta n t  enough 
from the p re se n t shore  o f  the  p lay a  to  have been und istu rbed  by such 
th in g s  as c a t t l e , ran ch ers ' t ru c k s , and p la n t ro o ts . D essica tion  c rack s , 
mounds, and d ep ress io n s  were a lso  avoided. The tru e  p lay a , u n lik e  th e  
surround ing  h ig h la n d s , i s  so h o s t i l e  to  l i f e  th a t  anim al burrows were 
no problem.
Some o f th e  specimens were c o lle c te d  h o r iz o n ta l ly  a t  the  same 
d is ta n c e  below th e  su rfa c e  in  o rd e r th a t  th e  r e s u l t s  could be compared 
s t a t i s t i c a l l y  by F is h e r 's  (1953) method, fo r  i t  was assumed th a t  a l l  
sedim ents from the same h o r iz o n ta l  la y e r  would reco rd  the  same p a leo ­
m agnetic f i e ld  d ir e c t io n .  A cone o f confidence (alpha-95) could then  
be c a lc u la te d  such th a t  the  tru e  mean d ire c t io n  of the  paleom agnetic 
f i e ld  a t  th a t  le v e l  lay  w ith in  th a t  cone o f confidence w ith  a p ro b a b il­
i t y  o f  95 p e rc e n t. The s c a t t e r ,  o r  d is p e r s io n , o f th e  in d iv id u a l 
m agnetic d ire c t io n s  would be determ ined by the  p re c is io n  param eter k. 
(See A ppendix.) E igh t h o r iz o n ta l  specimens were considered  a  good 
number fo r  r e l i a b i l i t y ,  as th e  v a rian ce  does n o t d ecrease  s ig n i f ic a n t ly  
beyond th a t  number.
In paleom agnetic  work, a cone o f confidence (alpha-95) of 
h a lf -a n g le  from 1° to  10° i s  considered  u s e fu l .  For th is  resea rch  
p ro je c t  a p re c is io n  w ith in  5° was considered  n ecessa ry  in  o rd er th a t  
the  d e f le c t io n s  in  th e  d e c lin a tio n  and in c l in a t io n  curves would be 
reco g n izab le  when compared to  the  archaeom agnetic curves.
34
Method by Which Specimens Were Taken a t  Each S i te  
Specimens were taken from S ite  A (W illcox Playa) to  develop a 
sampling procedure, and to  work out d e ta i l s  o f sample p re se rv a tio n .
Both S i te  A and S ite  B a t W illcox P laya were v i s i t e d  in  l a t e  
December 1972. I t  had been ra in in g  in  th e  v ic in i ty  fo r  some weeks, to  
the  p laya sedim ents were m oist to  a depth j u s t  below 100 c en tim e te rs .
The m oist co n d itio n  o f the sedim ents made i t  p o ss ib le  to  use p la s t i c  
v ia ls  fo r  c o lle c t io n . A la rg e  ho le  (140 cm x 100 cm) was dug manually 
w ith  a shovel in to  the  p laya  sedim ents forming a v e r t i c a l  n o rth  w a ll. 
P la s t ic  c o l le c t in g  v ia ls  were pushed a t  r ig h t  angles in to  th e  face  of 
the n o rth  w a ll, such th a t a specimen was taken each f iv e  cen tim ete rs  
below the  p laya su rfa ce  down to  the  100 -cen tim eter dep th . Beyond th a t  
depth th e  sedim ents were to o  dry and hard  to  perm it fu r th e r  c o l le c t io n .
At the  6 5 -cen tim eter dep th , a h o r iz o n ta l  row o f s ix  a d d it io n a l  specimens 
was taken to  provide a t e s t  of the  l a t e r a l  un ifo rm ity  o f th e  d ire c t io n  
of m agnetiza tion . Each v ia l  was o rie n te d  and marked in  s t r ik e  and d ip  
w ith a Brunton compass p r io r  to  i t s  removal (F igure  5 ).
Specimens were c o lle c te d  from S ite  C, Red Lake P laya , A rizona, 
during  March 1973, n ear the  end of th e  ra in y  season. The sedim ents were 
m oist to  a depth o f about 45 c en tim e te rs , which p e rm itted  th e  use o f 
p l a s t i c  v ia l s  fo r  c o l le c t io n .  A la rg e  ho le  was dug w ith  a shovel to  
expose a v e r t i c a l  n o rth  w a ll ,  in  th e  same maner as a t S ite  B. This 
v e r t i c a l  w a ll was a lig n ed  m agnetica lly  e a s t-w e s t. The p l a s t i c  c o l le c t ­
ing v ia ls  were pushed p e rp en d icu la rly  in to  th e  north  w a ll in  two v e r t i c a l  
rows in  such a way th a t  a specimen was taken each f iv e  cen tim ete rs  below 
the  p laya  su rface  down to  th e  40-cen tim ete r dep th . Imm ediately below
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Dimensions not to scale.
Figure 5. The manner in which Willcox Playa, Arizona (Site B) sediments were 
sampled by plastic vials pushed into a vertical north wall, then 
measured in strike and dip before removal.
36
t h a t ,  dry hardpan was encountered  and no f u r th e r  specimens could be 
taken  u sing  p l a s t i c  v i a l s .  Twenty cen tim ete rs  below the  s u r f a c e ,  a 
h o r iz o n ta l  row of e ig h t a d d i t io n a l  specimens was taken  to  p rov ide  
s t a t i s t i c a l  d a ta  as to  th e  u n ifo rm ity  of the  m agnetic moment. Each 
v i a l  was o r ie n te d  w ith  a Brunton compass and marked in  s t r i k e  and dip 
b e fo re  r e t r i e v a l  (F igure  6 ) .
More specimens were c o lle c te d  in  p la s t i c  v ia l s  from Red Lake 
P laya  (S ite  D) in  August 1973. The lack  of s ig n i f ic a n t  r a i n f a l l  s in c e  
th e  end of th e  ra in y  seaso n , coupled w ith  the  h igh  r a te  o f ev ap o ra tio n  
in  th a t a re a , had caused the  sedim ents to  become dry  and hard  from th e
su rface  down. I t  was n ecessa ry  to  wet th e  sedim ents enough to  perm it
c o lle c t io n  in  p la s t i c  v ia ls  by making a tren ch  behind  th e  c o l le c t in g  
w a ll and f i l l i n g  the  tren ch  w ith  w a te r . During th e  n ig h t ,  enough w a te r 
had permeated th e  upper ten  cen tim ete rs  o f the  sedim ents th a t  i t  was 
p o ss ib le  to  c o l le c t  one h o r iz o n ta l  row o f ten  specimens a t  th e  8 .5 -  
c en tim ete r depth in  the  co o le r early -m om ing  hours (F igure  7 ) . During 
th e  daytim e, ev ap o ra tio n  was too  ra p id  fo r  the  method to  work.
S ite  E a t  Smith Creek V alley  P lay a , Nevada, was a lso  sampled in
August 1973. The sedim ents a t  th i s  lo c a tio n  were so dry and h ard  th a t
i t  was im possib le  to  use p l a s t i c  v ia ls  fo r  c o l le c t io n .  In s te a d , a  h o le  
5 0 -cen tim e ters  deep was dug around a v e r t i c a l  column. The column was 
g rad u a lly  made sm a lle r  in  d iam eter u n t i l  i t  f i t t e d  in s id e  a P le x ig la s s  
c o n ta in e r which had been m anufactured fo r  such an e v e n tu a l i ty .  M elted 
p a ra f f in  wax was poured in to  th e  space between th e  sedim ent column and 
th e  co n ta in e r w a lls  to  a id  in  p ro te c t in g  th e  column a g a in s t  breakage 
during  t r a n s p o r t ,  and to  p rov ide  a means fo r  r e ta in in g  i t s  o r ie n ta t io n  
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Figure 6, The manner in which Red Lake Playa, Arizona (Site C) sediments were 
sampled by plastic vials pushed into a north wall, then measured 
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Figure 7. The manner in which Red Lake Playa, Arizona (Site D) sediments were 
sampled by plastic vials pushed into a vertical south wall, then 













Figure 8. The manner in which a column of dry sediments from Smith Creek 
Valley Playa, Nevada (Site e ) was oriented, cut, and marked for 
identification prior to measurement on the astatic magnetometer.
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Method by Which Specimens Were Measured 
w ith  a  Magnetometer
A ll specimens were measured on an a s t a t i c  m agnetom eter, as th e  
a s t a t i c  proved to  be more s e n s i t iv e  than the  sp in n e r magnetometer (rock 
g en era to r) to  th e  m agnetic component o f the  sed im ents. To f a c i l i t a t e  
measurement of th e  specimens c o lle c te d  in  v i a l s ,  each was p laced  in  a 
p l a s t i c  cube e sp e c ia lly  made fo r  the purpose. The cube prov ided  the 
necessary  means of o r ie n ta t io n  w hile  on the  m agnetom eter, and h e ld  each 
specimen sec u re ly  during  ro ta t io n  in  the  cup of th e  dem agnetizing c o i l .  
Before use, the  p la s t i c  cubes had been leached in  a 20 p e rcen t s o lu tio n  
o f h y d ro ch lo ric  a c id  to  remove any tra c e  o f s t e e l  th a t  might have become 
a tta ch ed  to  the  su rfa ce  w hile be in g  machined (F igure  9 ) .
Because of the  d if fe re n c e  in  th e i r  geom etry, the  d is c s  cut 
from the  dry  column of Smith Creek V alley P laya sedim ents could no t be 
measured by use of p l a s t i c  cubes. A ro ta ta b le  p l a s t i c  s tag e  was designed 
and m anufactured which could be o f f s e t  from the  o n -c e n te r  p o s i t io n .
This made p o ss ib le  measurement o f the  m agnetic moments of the  f l a t  
d isc s  in  th e  manner described  by Greer (1967) (F igure  10).
Cleaning of "S o ft" Secondary M agnetic Components
One of the  b a s ic  assum ptions of paleom agnetism  is  th a t  once 
th e  n a tu ra l  remanent m agnetiza tion  (NRM) is  acq u ired  i t  remains 
u n a lte re d , a t  l e a s t  in  d ire c t io n  (T h e l l ie r ,  1966). Such forms of NRM 
are  considered  to  be s ta b l e ,  o r "h a rd ,"  and remain v i r t u a l ly  unchanged 
fo r  m illio n s  of y e a rs . Thermal remanent m ag n etiza tio n  (TRM), chem ical 
remanent m agnetiza tion  (CRM), and d e t r i t a l  remanent m ag netiza tion  (DRM) 
in  und istu rbed  sedim ents a re  th re e  forms o f NRM which have been
Line scribed on face of plastic cube
Air release hole sealgjt̂ jjith parafin after specimen taken.
Open end of vial sealed with 
parafin to prevent drying of 
sediments.
Horizontal and vertical down lines scribed on closed end of 
vial before removal from wall of sediments to retain correct 
orientation.
Figure 9. Plastic cube for measurement of sediments on the magnetometer (top), 
Plastic vial used for collecting moist playa sediments (bottom).
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Lines scribed on top surface 
permit accurate alignment 
of specimen.
Plastic rotatable platform.
Plastic pin beneath platform fits into selected offset hole in base.
Lines scribed on top surface of 
base for alignment of rotatable 
platform.
P lastic  base.
Holes permit specimen on rotatable 
platform to be offset 5 milli­
meters east or vest of centerline 
of magnetometer.
Figure 10, Rotatable plastic platform for measurement of dry sediments 
on the astatic magnetometer.
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dem onstrated to  be s ta b le ,  o r "hard" (Runcorn, 1969, and Strangway, 
1970).
A rock , o r sedim ent, may acq u ire  a secondary , o r " s o f t , "  
component o f  m agnetiza tion  a t  some tim e a f t e r  a c q u is i t io n  o f i t s  s ta b le  
NRM. The secondary component may be acq u ired  slow ly  as v iscous remanent 
m agnetiza tion  (VRM), when the  rock o r sedim ent has been exposed fo r  a 
long p erio d  o f time to  an ambient f i e ld  d i f f e r e n t  from i t s  in te rn a l  
"hard" component. Or, the  " s o f t"  component may be acqu ired  qu ick ly  by 
l ig h tn in g  s t r ik e s  as a n h y s te r i t ic  remanent m agnetiza tion  (ARM). Runcorn 
(1969) r e fe r re d  to  lig h tn in g -in d u c ed  m ag netiza tion  in  rocks as iso ­
therm al remanent m agnetiza tion  (IRM).
I f  th e  secondary m agnetiza tion  has a d ire c t io n  d i f f e r e n t  from 
th e  prim ary m ag n e tiza tio n , i t  w i l l  produce " s c a t t e r , "  o r u n re lia b le  
r e s u l t s .  F o r tu n a te ly , i t  i s  p o s s ib le  to  remove th e  " s o f t"  components 
by e i th e r  therm al o r a l te r n a t in g  f i e ld  dem agnetization  w ith o u t d estro y ­
ing a l l  o f th e  s ta b le  prim ary component. This i s  because th e  s ta b le  
m agnetiza tion  is  a r e s u l t  of h igh  c o e rc iv ity  o f the  m agnetic m a te r ia l 
w ith in  the  specim ens, whereas th e  secondary , o r " s o f t , "  m agnetiza tion  
e x is t s  as a le s s  s ta b le  f r a c t io n  (N eel, 1955).
P a r t i a l  dem agnetization  is  fundam ental to  o b ta in in g  u se fu l 
paleom agnetic r e s u l t s .  Garland (1971) claim ed th a t  the  re c o g n itio n  of 
paleom agnetism as a s c i e n t i f i c  techn ique  d a tes  from th e  re c o g n itio n  of 
the  im portance o f "m agnetic c lean in g "  of secondary components.
A lte rn a tin g  f i e ld  dem agnetiza tion  was th e  more ap p ro p ria ''"  
o f the  two methods fo r  "c lean in g "  th e  p lay a  sed im en ts , because th e  tem­
p e ra tu re s  req u ired  fo r  therm al dem agnetization  would have m elted both
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p la s t i c  v ia l s  and p a ra f f in  p lu g s . D estruction  of the v ia ls  and dry ing  
o f the sedim ents would have caused crumbling and lo ss  of magnetic 
o r ie n ta t io n .  H eating of the  sedim ents might a lso  have caused a chemi­
c a l change, a f fe c t in g  the  m agnetiza tion . This p a r t i a l  dem agnetization 
was accomplished by su b je c tin g  each specim ent to  an a l te r n a t in g  mag­
n e t ic  f i e ld  o f predeterm ined s tre n g th  which was g radua lly  decreased  to  
zero  w hile the  o r ie n ta t io n  o f the  specimen was con tinuously  being 
changed. R o ta tion  of each specimen about th re e  p e rp en d icu la r axes 
w hile  i t  was being  demagnetized was necessary  to  in su re  th a t  demagneti­
z a tio n  was equal in  a l l  d ire c t io n s  w ith in  the  specimen (C o llinson  and 
C reer, 1960).
The W illcox Playa (S ite  B) specimens were p ro g re ss iv e ly  
demagnetized a t  peak f ie ld s  o f 0 , 50, and 100 O ersted , then measured on 
the  a s t a t i c  magnetometer fo llow ing  each dem agnetization . When demag­
n e tiz ed  a t  100 O ersted , some of th ese  specimens became too weak to  
provide r e l ia b le  d a ta . At h ig h e r dem agnetizing f i e ld s ,  i t  was o ften  
im possible to  know w hether one was read ing  a m agnetic moment from th e  
sed im ents, o r "no ise" in  th e  m agnetom eter's system .
Red Lake P laya (S ite  C) specimens were p ro g re ss iv e ly  
demagnetized a t  peak f ie ld s  of 0 , 50, 100, 200, 400, and 800 O ersted and 
measured a f te r  each s te p . S ite  D specimens from Red Lake P laya  were 
demagnetized a t  0 , 50, and 100 O ersted . Smith Creek V alley P laya 
(S ite  E) sedim ents were demagnetized a t  0 , 100, and 200 O ersted . A ll 
specimens were measured on the  a s t a t i c  magnetometer a f t e r  each s tep  in  
the  dem agnetization p ro cess . (See Appendix.)
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R e l ia b i l i ty  T ests  
Paleom agnetic in v e s t ig a tio n s  can be considered  r e l i a b le  only 
i f  i t  can be dem onstrated th a t  th e  specimens used , w hether rock or 
sedim ent, have a h igh  degree o f m agnetic s t a b i l i t y .  In o th e r  w ords, 
a re  th e  m agnetic d ire c t io n s  measured in  a specimen th e  o r ig in a l  "hard" 
m agnetic components acqu ired  a t  th e  tim e o f coo ling  (o r d e p o s itio n ) in  
the  an c ien t f i e ld  being  s tu d ie d , o r i s  th e  in v e s t ig a to r  re c e iv in g  f a ls e  
in form ation  because of m agnetic i n s t a b i l i t y  in  th e  specimens w ith  which 
he i s  working?
As the  sc ien ce  o f paleom agnetism  p ro g ressed , re se a rc h e rs  
learn ed  th a t  a good t e s t  fo r  m agnetic s t a b i l i t y  was the  in c re a s in g  
dem agnetization  o f the  specimens a t  p ro g re s s iv e ly  h ig h e r f ie ld s  (o r 
tem pera tu res) to  determ ine t h e i r  a b i l i t y  to  r e ta in  m agnetic in te n s i ty  
and a c o n s is te n t d ire c t io n  o f m ag n e tiza tio n . When specimens p ick  up a 
secondary " s o f t"  component, th e  r e s u l ta n t  m agnetic d ire c t io n s  a re  
u su a lly  d isp e rse d , o r " s c a t te r e d ."  For th ose  specimens which a re  mag­
n e t ic a l ly  s t a b l e ,  dem agnetization  in  s te p s  w i l l  recover the  o r ig in a l  
m agnetiza tion  a t  r e la t iv e ly  low f ie ld s  o r tem p era tu res . The r e s u l ta n t  
d ire c t io n s  a re  then  more n e a r ly  co n stan t throughout in c re a s in g ly  h ig h e r 
dem agnetiza tion .
T ests  fo r  r e l i a b i l i t y  of d ir e c t io n  and in te n s i ty  were made on 
the  p laya  sedim ents w ith  the  fo llow ing  r e s u l t s .
W illcox P laya Specimens
S ta b i l i t y  of m agnetic i n t e n s i t y . Specimen BIR was in c re a s in g ly  
demagnetized in  an a l te rn a t in g  f i e ld  w ith  peak values of 50, 100, 200,
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and 400 O ersted . At high peak dem agnetizing f ie ld s  th e  specimen became 
too weak to  give r e l i a b le  d a ta . The p e rcen t o f  th e  o r ig in a l  m agnetic 
in te n s i ty  rem aining a t  each s te p  during  the  dem agnetization  o f th is  
specimen i s  shown in  Table 1, and p lo t te d  in  F igure  11.
TABLE 1
3
Peak F ie ld  T o ta l Moment/cm P ercen t o f O rig in a l
(O ersted) (x 1 0 ” ^ emu) I n te n s i ty  Remaining
0 5.82 ____




S ta b i l i ty  o f m agnetic d i r e c t io n . The change in  d ire c t io n  o f 
m agnetiza tion  a t  each s te p  during  dem agnetization  o f Specimen BIR is  
shown in  Table 2, and p lo t te d  in  F igure  12.
TABLE 2
Peak F ie ld  
(O ersted)
D ec lin a tio n
(Degrees)







The sem i-angle o f a cone about th e  mean d ir e c t io n  which would co n ta in  
95 p ercen t o f the d ire c t io n  v e c to rs  ( th e ta -9 5 )  i s  5 .5 °  when k = 640 
(F ish e r , 1953). This sm all angle im p lies  s t a b i l i t y  in  d i r e c t io n  of 
































Peak a l te r n a t in g  f i e ld  (Oersted)
Figure 11. Progressive demagnetization of Willcox Playa Specimen BIR.
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F igure 12. S ta b i l i ty  o f m agnetic d ire c t io n  during  p ro g ress iv e  dem agnetiza­
t io n  of W illcox P laya Specimen BIR. Theta-95 = 5 .5 ° ; k = 640. 
P lo tte d  from da ta  in  Table 2. (+ marks p o s it io n  of 1965.0 epoch
f ie ld  d ire c tio n )
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Red Lake P laya Specimens
S ta b i l i ty  o f magnetic in t e n s i ty . Specimen CIL was in c re a s in g ly  
demagnetized in  an a l te rn a t in g  f i e ld  w ith  peak f i e ld  values of 50, 100, 
200, 400, 800, 1600, and 3200 O ersted . The pe rcen t o f th e  o r ig in a l  
m agnetic in te n s i ty  rem aining a t  each s te p  during  th e  dem agnetization o f 
t h i s  specimen is  shown in  Table 3, and p lo t te d  in  F igure  13.
TABLE 3
3
Peak F ie ld  T o ta l ^bment/ cm Percen t o f O rig in a l




200 38.9 92 .8
400 27.8 66.3
800 14.6 34.8
1600 5 .3 12.6
3200 3.2 7.6
S ta b i l i ty  of m agnetic d i r e c t io n . The change in  d ire c t io n  o f 
m agnetiza tion  a t  each s te p  during  dem agnetization o f Specimen CIL is  
shown in  Table 4 , and p lo tte d  in  F igure  14.
TABLE 4
Peak F ie ld  
(O ersted)
D ec lin a tio n
(Degrees)



















































Peak a l te r n a t in g  f i e ld  (Oersted)
3200
Figure 13. Progressive demagnetization of Red Lake Playa Specimen OIL.
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Figure 14. S ta b i l i ty  of m agnetic d ir e c t io n  during  p ro g re ss iv e  dem agnetiza­
t io n  of Red Lake Playa Specimen CIL. Theta-95 (0-400 Oe) = 1 .4 ' 
k = 9638. Theta-95 (0-800 Oe) = 3 .9 ° ; k = 1280. P lo t te d  from 
d a ta  in  Table 4. (+ marks p o s it io n  o f 1965.0 epoch f ie ld
d ire c tio n )
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Theta-95 (0-400 Oe) = 1 .4 ° ; k = 9638
Theta-95 (0-800 Oe) = 3 .9 ° ; k = 1280
Theta-95 (0-1600 Oe) = 1 7 .1 ° ; k = 67 
Theta-95 (0-3200 Oe) = 36 .3 ; k  = 15 
The m agnetic s t a b i l i t y  from 0 to  400 Oe peak f ie ld s  i s  considered  
e x c e lle n t;  to  800 Oe th e  m agnetic s t a b i l i t y  in  d ir e c t io n  i s  good; above
800 Oe (1600 to  3200 Oe) the  v a rian ce  becomes ex cess iv e . This i s  an
in d ic a tio n  th a t  the  m agnetic d ire c t io n s  from th e  sedim ents were prob­
ab ly  most r e l i a b l e  between 100 and 400 Oe peak dem agnetizing f i e ld s .
At a peak f i e l d  o f 1600 Oe only 12.6 p e rcen t o f th e  o r ig in a l  m agnetic 
in te n s i ty  o f th e  specimen rem ained. At 3200 only 7.6 p e rc en t rem ained. 
These low i n t e n s i t i e s  were in  a range where i t  was p o ss ib le  th a t  "n o ise"  
in  the  m agnetom eter's system  was being  read  r a th e r  than  th e  m agnetic 
moment o f th e  sed im en ts . I t  i s  u n lik e ly  th a t  a 3200 Oe peak f i e ld  was 
req u ired  to  remove a " s o f t"  component o f VRM. N e ith e r i s  i t  l ik e ly  
th a t  an a c tu a l  f i e ld  r e v e r s a l  had occurred  so re c e n tly . The demagne­
t iz in g  c o i l  was in  a n u l l  f i e ld  which excluded th e  p o s s ib i l i ty  o f an
ARM being  imposed a t  3200 Oe.
S ta b i l i t y  of m agnetic i n t e n s i t y . A second specimen from 
S ite  C a t  Red Lake P laya  was in c re a s in g ly  dem agnetized to  h ig h e r  v a lu e s . 
Specimen C2L was "c leaned" in  an a l t e r n a t in g  f i e ld  w ith  peak f i e ld  
va lues o f 50, 100, 200, 400, 800, and 1600 Oe. The percen tag e  of the
o r ig in a l  m agnetic  in te n s i ty  rem aining a t  each s te p  i s  shown in  Table 5 ,
and p lo t te d  in  F igure  15.
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TABLE 5
Peak F ie ld
3
T o ta l Moment/cm P ercen t o f O rig in a l
(O ersted) (x 10"5 emu) I n te n s i ty  Remaining
0 27.7
30 26.5 95.7




1600 2.3 8 .3
S ta b i l i t y  of m agnetic d i r e c t io n .  The change in  d i r e c t io n  oi
m agnetiza tion  a t  each s te p  du rin g  dem agnetization  of Specimen C2L i s
shown in  Table 6 , and p lo t te d  in  F igure 16.
TABLE 6
Peak F ie ld D ec lin a tio n In c l in a t io n








Theta-95 (0-400 Oe) = 2 .4 ° ; k = 3390
Theta-95 (0-800 Oe) = 5 .4 ° ;  k = 681
Theta-95 (0-1600 Oe) = 9 .4 ° ; k = 221
This specimen e x h ib its  s t a b i l i t y  in  m agnetic d ire c t io n  up to  800 Oe
































16008000 100 200 400
Peak a l te rn a t in g  f ie ld  (Oersted)
Figure 15. Progressive demagnetization of Red Lake Playa Specimen C2L.
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Figure 16. S ta b i l i ty  o f m agnetic d ire c t io n  during  p ro g ress iv e  dem agnetiza­
t io n  of Red Lake Playa Specimen C2L. Theta-95 (0-400 Oe) = 2 .4 ' 
k = 3390. Theta-95 (0-800 Oe) = 5 .4 ° ; k = 681. Theta-95 
(0-1600 Oe) = 9 .4 ° ; k = 221. P lo tte d  from d a ta  in  Table 6.
(+ marks p o s it io n  of 1965.0 epoch f ie ld  d ire c tio n )
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Magnetic s t a b i l i t y  of the o th e r specimens c o lle c te d  from S ite  C, 




(S ite  C)
P ercen t o f O rig in a l In te n s i ty  
Remaining a f t e r  D em agnetization 
(O ersted)
50 100 200 400
Theta-95 of Magnetic 
D irec tio n s  w ith  
D em agnetization 
(0-400 Oe)
CIH 96.3 91.9 83.5 58.6 1.9° k = 5195
C2H 97.9 96.5 87.4 63.3 2.9° k = 2260
C3H 97.3 92.5 82.3 59.8 1.5° k = 8366
C4H 98.2 92.6 82.0 59.2 3.2° k = 1878
C5H 99.3 92.9 83.3 57.6 1.1° k = 16913
C6H 96.2 91.6 78.7 55.4 1.6° k = 8010
C7H 99.0 93.4 84.7 63.3 3.8° k = 1326
C8H 96.5 91.9 76.7 58.3 2 .8° k = 2514
CIR 99.4 96.5 86.2 61.7 1 .6 ° , k = 7236
C2R 98.7 96.2 86.7 61.7 2 .7 ° , k = 2677
C3R 98.1 93.7 83.6 56.2 3 .4° , k = 1729
C4R 101.5 93.0 80.4 56.3 3 .7°; k = 1434
OIL 99.5 95.7 92.8 66.3 1 .4 ° , k = 9638
C2L 95.7 93.1 83.4 50.2 2 .4 ° , k = 3390
C3L 96.8 89.4 80.9 52.1 5 .6 ° ' k = 625
C4L 93.5 81.5 72.0 52.4 3 .1°; k = 2030
A ll specimens c o lle c te d  a t  S i te  C e x h ib it  s t a b i l i t y  in  m agnetic 
d ire c t io n .
S im ila r r e s u l t s  were ob ta ined  from th e  one row o f h o r iz o n ta l ly  
c o lle c te d  sedim ent specimens a t  S ite  D, Red Lake P lay a . Because o f the  
s a t i s f a c to r y  r e s u l t s  o b ta ined  w ith  the  p rev ious sed im en ts , measurements 
were made fo llow ing  dem agnetization  a t  peak f i e ld  va lues o f 0 , 50 and 
100 O ersted  only . The m agnetic s t a b i l i t y  of the  specimens from S i te  D, 





Percen t o f O rig in a l I n te n s i ty Theta-95 o f M agnetic
Remaining a f t e r  D em agnetization D ire c tio n s  w ith
(O ersted) Demagne t  i z a t  ion
(S ite  D) 50 100 (0--100 Oe)
DIH 99.6 98 .4 0 .3° k = 190476
D2H 98.8 96.7 1.1° k = 10817
D3H 100.9 99.9 0 .5° k = 68493
D4H 99.7 98.4 0 .2° k = 392157
D5H 99.2 96.8 0 .4° k = 160000
D6H 100.3 99.6 0 .8° k = 28777
D7H 100.1 98.5 0 .8° k = 32000
D8H 99.0 96.7 0 .6° k = 61920
D9H 100.3 98.7 0 .5° k = 79681
DlOH 99.3 97.3 0 .4° k = 104167
The specimens c o lle c te d  a t  S ite  D a re  m ag n e tica lly  s ta b le .
S ta b i l i t y  of m agnetic i n t e n s i t y . Specimen E2 was in c re a s in g ly  
dem agnetized in  an a l te r n a t in g  f i e ld  w ith  peak f i e ld  v a lu es  o f  50 , 100, 
200, 400, 800 and 1600 O ersted . The percen tage  o f th e  o r ig in a l  mag­
n e t ic  in te n s i ty  rem aining a t  each s te p  during  th e  dem agnetiza tion  of 
Specimen E2 i s  shown in  Table 9 , and p lo t te d  in  F igure 17.
TABLE 9
Peak F ie ld  
(O ersted)
3
T o ta l Moment/cm 
(x 10“ emu)
P ercen t o f O rig in a l 
In te n s i ty  Remaining
































f i e ld  (Oersted)
400
Peak a l te r n a t in g
100 200
Figure 17. Progressive demagnetization of Smith Creek Valley Specimen E2,
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The apparent in c re a se  in  in te n s i ty  a t  50 and 100 O ersted peak f ie ld s  
may have been a r e s u l t  o f removal o f a " so f t"  secondary component which 
had a d ire c t io n  such th a t i t  reduced the  v ec to r sum of the  moments p r io r  
to  i t s  removal. Although the  cause of such a " s o f t"  component is  no t 
known, lig h tn in g  induced IRM is  a p o s s ib i l i ty .  Except fo r  those 
r e s u l t s ,  the  m agnetic in te n s i ty  behaved s im ila r ly  to  prev ious r e s u l t s  
from o th e r specim ens, such as Tables 3 and 5.
S ta b i l i ty  of m agnetic d i r e c t io n . The change in  d ire c t io n  o f 
m agnetiza tion  a t  each s tep  during  dem agnetization  of Specimen E2 i s  
shown in  Table 10, and p lo t te d  in  F igure 18.
TABLE 10
Peak F ie ld  D ec lin a tio n  In c l in a t io n





400 352.9 5 .8
800 351.2 16.6
1600 338.7 6 .8
Theta-95 (0-200 Oe) = 6 .3 ° ; k = 489
Theta-95 (0-400 Oe) = 7 .2 ° ; k = 383
Theta-95 (0-800 Oe) = 6 .6 ° ; k = 445
Theta-95 (0-1600 Oe) = 10 .0°; k = 194
D ec lin a tio n  remained r e la t iv e ly  c o n s ta n t. The g re a te r  degree of v a r i ­
ance in  in c l in a t io n  is  exp lained  in  the  no tes fo llow ing  Table 11. (The 
under s id e  o f the  specimen was no t f l a t . )  The sem i-angle of the  cone
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Figure 18. S ta b i l i ty  o f m agnetic d ire c t io n  during  p ro g re ss iv e  dem agnetiza­
tio n  o f Smith Creek V alley  Specimen E2. Theta-95 (0-200 Oe) =
6 .3 ° ; k = 489. Theta-95 (0-400 Oe) = 7 .2 ° ; k = 383. Theta-95 
(0-800 Oe) = 6 .6 ° ;  k = 445. Theta-95 (0-1600 Oe) = 10 .0°; k = 194. 
(+ marks p o s it io n  of 1965.0 epoch f i e ld  d ire c t io n ^  P lo tte d  
from d a ta  in  Table 10.
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TABLE 11
Specimen P ercen t o f O rig in a l In te n s i ty Theta-95 o f M agnetic
Number Remaining a f t e r  D em agnetization D irec tio n s  w ith
(S ite  E) (O ersted) D em agnetization50 100 200 (0-200 Oe)
El
E2
(see  n o te  below) 
103.3 103.3 86.8 6 .3° k _ 489
E3 95.3 98.4 100.0 5 .1° k = 755
E4 98.0 97.0 93.9 6 .1° k = 524
E5 102.0 93.1 7.1° k = 393
E6 93.4 81.0 2 .2 ° k = 3948
E7 96.8 92 .8 1 .8° k = 5817
E8 97.4 91.2 4 .8° k = 855
E9 97.7 96.5 3 .1° k = 2034
ElO 91.7 84.4 3 .4° k 1653
E ll 89.4 88.1 5 .2° k = 718
E12 98.3 86.1 3.3° k = 1776
E13 101.6 8916 4.9° k = 815
E14 96.6 96.8 5 .2 ° k = 722
E15 93.8 89.4 2 .0° k = 4876
E16 97.1 91.5 1 .4° k 9775
E17 103.6 95.3 2 .4° k = 3452
E18 93.5 92.5 2 .4° k = 3511
E19 94.8 90.3 3.6° k = 1523
E20 100.7 94.9 4 .3° k = 1036
E21 95.3 90.6 6 .0° k = 536
E22 97.6 87.2 3 .7° k = 1441
E23 103.9 93.6 7.2° k 382
E24 97.6 95.8 9 .7° k = 209
E25 93.7 91.9 4.8° k 846
E26 98.5 93.7 4 .2° k 1118
E27 96.7 88.3 3.5° k = 1572
E28 95.8 89.8 2 .3° k 3853
El -  This specimen is  a broken fragm ent o f th e  top 1 .0  cen tim ete r o f 
the  p lay a . The specimen has NRM, but cannot be a c c u ra te ly  o r ie n te d . 
T h e re fo re , m agnetic d ire c t io n s  were n o t determ ined.
E2 -  This specimen was p a r t i a l l y  broken w hile  try in g  to  f in d  a s u i t ­
ab le  c u rr in g  method. The volume i s  e s tim a te d , b u t i t  was p o s s ib le  to  
c o r re c t ly  o r ie n t  th e  specimen h o r iz o n ta l ly . The under su rfa c e  i s  not 
le v e l .  In c l in a t io n  u n re l ia b le .
E24 -  Where d r i f t  o f the  magnetometer i s  ex cessiv e  th e re  appears to  
be u n re lia b le  in c l in a t io n ,  which would account fo r  the  la rg e  Theta-95 





P ercen t o f O rig in a l In te n s i ty  
Remaining a f t e r  D em agnetization 
(O ersted)
Theta-95 o f M agnetic 
D ire c tio n s  w ith  
D em agnetization
(S ite  E) 50 100 200 (0-200 Oe)
E29 104.3 102.3 10.2° k = 188
E30 98.4 95.0 4 .1° k = 1150
E31 98 .1 88.2 2 .3° k = 3558
E32 103.6 97.2 3.3° k = 1831
E33 106.6 94.0 4 .0° k = 1205
E34 100.3 90.6 2 .7° k = 2651
E35 100.3 92.2 1.7° k = 6433
E36 96.1 89.7 3.6° k = 1488
E37 94.8 88.4 3 .4° k = 1746
E38 98.8 94.3 1 .8° k = 5727
E39 97.8 89.5 4 .2° k = 1104
E40 95.1 88.7 1 .7° k = 6460
E41 92.0 88.3 3 .8° k = 1360
E42 100.0 91 .4 3 .7° k = 899
E43 96.6 89.0 2 .0 ° k = 4687
E44 96.6 85.5 4 .5° k = 978
E45 100.3 91.2 4 .6° k = 920
E46 100.8 89.5 3 .7° k = 1406
E47 92.9 85.7 1 .3° k =11215
E48 97.7 85.2 5 .4° k = 674
E49 99.0 94 .0 13.0° k = 116
E50 (See n o te  below)
E29 -  M agnetometer d r i f t  up to  + 1 .0  cm.
E44 -  During th e  200 Oe A.F. dem agnetiza tion  s t e p ,  th e re  was a d is ­
tu rbance o f some k in d . The m agnetom eter d r i f te d  more than  u su a l: up
to  2 .0  cm.
E45 -  Some d is tu rb a n ce  cau sin g  more d r i f t  than  u s u a l.
E48 -  Specimen no t uniform ly  th ic k .  About o n e -h a lf  has sedim ents 
m issing  top and bottom . Specimen may n o t s i t  f l a t  on p la tfo rm  because 
o f  t h i s ,  which could cause erroneous D & I .
E49 -  P ieces  of specimen crumbled away from th e se  d is c s  n e a r  the 
bottom  of th e  column. Top and bottom  su rfa c e s  a re  n o t uniform . May 
a f f e c t  accuracy o f d a ta  and D & I .  Specimen i s  n o t h o r iz o n ta l  on th e  
p la tfo rm .
E50 -  T his i s  a th in  c ru s t  o f a specimen from th e  bottom  of the  
column. I t  does no t s i t  f l a t  on th e  p la tfo rm , consequen tly  D & I  a re  
probably  n o t a c c u ra te . Thickness v a r ie s  from one edge to  th e  o th e rs , 
and over th e  s u r fa c e .
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about th e  mean d ir e c t io n  ( th e ta -9 5 )  was somewhat la rg e r  a t  th e  lower 
va lues of peak f i e ld  (200 and 400 O ersted) when compared to  those  in  
Table 4 and Table 6. This was probably  due to  the  v a rian ce  in  the  
in c l in a t io n ,  o r a " s o f t"  secondary component which caused s c a t t e r  u n t i l  
i t  was removed. The ang les were n o t ex ce ss iv e , however, and th e  sp e c i­
men was considered  m ag n e tica lly  s ta b le .
The m agnetic s t a b i l i t y  o f o th e r  specimens cut from the  column 
of dry sedim ents c o lle c te d  a t  S ite  E, Smith Creek V alley P lay a , is  sum­
m arized in  Table 11. Only specimens E2 through E4 were measured fo llow ­
ing dem agnetization  a t  peak f i e ld  va lu es  of 0 , 50, 100 and 200 O erstad . 
The rem aining specim ens from th e  column were measured a f t e r  dem agneti- 
z a tin g  a t peak f ie ld  v a lu es  o f 0 , 100 and 200 O ersted . The 50 O ersted 
s te p  was o m itted , as i t  produced l i t t l e  change. Between 80 and 90 
p e rcen t of th e  o r ig in a l  m agnetic in te n s i ty  remained fo llow ing  demagne­
t i z a t io n  a t  a peak f i e ld  value  of 200 O ersted , and any la t e  age 
secondary m agnetic component in  the  sedim ents should  have been removed 
a t  th a t  peak f ie ld  v a lu e .
The m agnetic s t a b i l i t y  of th e se  Smith Creek V alley P laya 
specimens appeared to  be good. Anomalous i n t e n s i t i e s  and d ire c t io n s  may 
be a t t r ib u te d  to  " s o f t"  secondary components w ith  d ire c t io n s  such th a t  
they reduced the  v e c to r  sum of the  moments p r io r  to  "c lean in g "  by 
d em ag netiza tion , o r  the  anom alies may be re la te d  to  in s trum en t e r ro r  
caused by d is tu rb a n ce s  of the  magnetom eter. The bottom  two specimens 
from th e  column (E49 and E50) were considered  u n re l ia b le  because of 
t h e i r  non-uniform  dim ensions.
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General Comments
A problem, a p p lic ab le  to  both  th e  m oist sedim ents in  v ia ls  and
the dry d is c s ,  was g e tt in g  the  sedim ents th in  enough to  re p re se n t a
s p e c if ic  p o in t in  tim e . I f ,  fo r  example, th e  sed im en ta tion  r a te  fo r  a 
p laya  was 0.05 cen tim e te rs  p e r y e a r , a one cen tim ete r th ic k  s la b  then  
rep re sen ted  20 years  d e p o s it io n . During those  20 y ears  th e  ambient 
geomagnetic f i e ld  was c e r ta in  to  have changed d ire c t io n  due to  se c u la r  
v a r ia t io n .  Because of th a t ,  th e  d ire c t io n  o f m agnetiza tion  obtained  
from th e  d is c  was an average o f the  changes th a t  m ight have occurred 
during  th e  tim e of d e p o s it io n . When in te r p r e t in g  th e  d a ta , one must 
co n sid er th e  p o s s ib i l i ty  of such an averag ing  e f f e c t .  C u ttin g  the 
d isc s  th in n e r  would have reduced the tim e of sed im en ta tion  invo lved , 
but i t  would a lso  have made the  d isc s  more f r a g i le  as w e ll as reducing 
the  t o t a l  m agnetic in te n s i ty .
In th e  case o f p l a s t i c  v i a l s ,  th e  in s id e  d iam eter of a v ia l
(of the  type used fo r  t h i s  p ro je c t)  i s  two c en tim e te rs . At a sedim enta­
tio n  r a te  o f 0.05 cen tim ete rs  p e r y e a r , t h i s  would re p re se n t a d if fe re n c e  
o f  40 y ears  from th e  bottom  s id e  of th e  v i a l  to  th e  top s id e .  I  ca lcu ­
la te d  th a t  60.9 p e rcen t o f the volume of th e  sedim ents in  th e  v i a l  lay  
w ith in  th e  one cen tim ete r along the  c e n tr a l  ax is  o f the  v i a l .  This 
60.9 p e rcen t o f  the  t o t a l  volume was c o n tr ib u tin g  most to  th e  d ire c t io n  
of m ag n e tiza tio n , b u t th e  19.5 p e rcen t above and the  19.5 p e rcen t below 
may w e ll have caused some e r ro r  in  the  c a lc u la te d  d ire c t io n  o f magneti­













Figure 19. Because the height (length) of the sediments is constant within 
the vial; the volumes being considered are proportional to the 
areas shown. Area segment A = area segment B. That area of the 
vial which lies 0.5 centimeters above and 0.5 centimeters below 
the central axis is the interior cross-sectional area of the vial 
minus area segment A minus area segment B. This central 1.0 centi­
meter thickness of sediments within the vial is equal to 60.9$ 
of their total volume. Dimensions not to scale.
ORIGIN OF MAGNETIZATION
The q u estio n  which u su a lly  a r i s e s  when paleom agnetic d a ta  a re  
ob ta ined  from re c en t sedim ents i s  t h i s :  I s  one look ing  a t  D e t r i t a l
Remanent M agnetization  (DRM) acquired  a t  the  tim e of d e p o s itio n  by 
m echanical alignm ent o f  m agnetic p a r t ic le s  s e t t l i n g  out o f  w a te r , o r is  
one see in g  Chemical Remanent M agnetization  (CRM) which was acqu ired  by 
th e  sedim ents a t  some tim e a f t e r  d e p o sitio n  as a r e s u l t  o f chem ical 
tra n s fo rm a tio n  o f th e  o r ig in a l  m in e ra ls , o ccu rrin g  below th e  C urie 
tem peratu res?  I t  i s  n o t easy to  determ ine the  answ er. Because o f i t s  
s t a b i l i t y ,  any CRM acqu ired  a f t e r  d e p o s itio n  would be d i f f i c u l t  to  
remove from th e  sedim ents by a l te rn a t in g  f i e ld  dem agnetiza tion  w ithou t 
a lso  removing the  DRM.
As mentioned e a r l i e r  under Previous S tu d ie s , Runcorn (1959) 
w rote th a t  in  a ho t c lim a te  in  which th e re  a re  a t  tim es heavy ra in s  
(which would d e sc rib e  th e  p laya  environment during  thunderstorm  a c t iv ­
i t y ) ,  i t  i s  p o s s ib le  th a t  some o f the  h em atite  in  th e  su rfa ce  la y e rs  i s  
h y d ro lized . L a te r  t h i s  hydroxide would decompose to  become h em atite  
ag a in , and a t th a t  tim e the  h em atite  would p ick  up a m agnetic moment 
p a r a l l e l  to  th e  am bient f i e ld .  Runcorn expected th i s  p ro cess  to  be 
p a r t i c u la r ly  im portan t in  porous sedim ents, a lthough th e re  was no men­
t io n  th a t  h is  h y p o th esis  had been te s te d  and found to  be th e  a c tu a l  
case . More re c e n t ly ,  Larson and Walker (1975) found th a t  f in e -g ra in e d ,
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red  Baja C a lifo rn ia  sed im en ts, about 2 to  5 m illio n  y ears  o ld , had 
begun to  acq u ire  a CRM th a t  obscured th e  o r ig in a l  DRM. From th e i r  
s tu d ie s  they  concluded th a t  th e  a u th ig e n ic  m in e ra ls  g o e th i te ,  h e m a tite , 
and "hydropsilom elane" (an in fo rm al name th e  au th o rs  gave to  a 
m anganese-rich , opaque m inera l) were th e  c a r r ie r s  of CRM in  th e  Baja 
C a lifo rn ia  sed im ents. They concluded th a t  th ese  au th ig e n ic  m agnetic 
oxides were s t i l l  form ing, and as each c r y s ta l  grew to  a c r i t i c a l  g ra in  
s iz e  i t  would acq u ire  a CRM p a r a l l e l  to  th e  geom agnetic f i e ld  o f th a t  
tim e. The p rocess  would con tinue u n t i l  a l l  of th e  u n s tab le  iro n  and 
m anganese-bearing d e t r i t a l  m agnetic g ra in s  were com pletely  a l t e r e d ,  o r 
a l t e r a t io n  was stopped by cem entation o r a change in  th e  chem istry  of 
th e  i n t e r s t i t i a l  w a ter.
Strangway (1970) commented th a t  m agnetic tends to  o x id ize  to  
h e m a tite , w hile  hem atite  w i l l  reduce to  m ag n etite . M agnetite i s  more 
s tro n g ly  m agnetic than  h em atite . Strangway a lso  suggested  th a t  i t  i s  
necessa ry  to  co n sid e r th e  tim e s c a le  in  which any such chem ical changes 
might take p la ce . " I f  CRM is  im portan t in  n a tu r a l  p ro c e sse s , i t  must 
tak e  p lace  in  le s s  th an  one m ill io n  y e a r s ,  and i t  i s ,  th e re fo re ,  l ik e ly  
th a t  i t  i s  n o t an im portan t p ro c e ss ."
Graham (1974) worked w ith  sedim ents from a modem t i d a l  f l a t  
in  which he c o lle c te d  from both  an "o x id ized  s e t t in g "  and a "reduced 
s e t t i n g ."  He found in  th e  t i d a l  f l a t  sedim ents th a t  the  N a tu ra l Remanent 
M agnetization  (NRM) was uniform  in  both chem ical environm ents. Because 
o f th e  presence of chem ically  u n a ffe c ted  iro n  oxides in  th e  sedim ents 
and th e  u n ifo rm ity  o f m ag n etiza tio n  ac ro ss  a range of chem ical env iron ­
m ents, Graham concluded th a t  the  remanent m ag n etiza tio n  of h is  specimens
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was d e t r i t a l  in  o r ig in  and no t chem ical, and th a t  d e t r i t a l  h em atite  was 
r e la t iv e ly  u n re a c tiv e .
I  cannot say w ith  c e r ta in ty  th a t  th e  remanent m agnetiza tion  
found in  th e  p lay a  sedim ents was no t a t  l e a s t  p a r t  chem ical in  o r ig in .
The p laya  environm ent i s  one o f o x id a tio n  and no t re d u c tio n , b u t the  
deepest sedim ents c o lle c te d  and measured were q u ite  l ik e ly  le s s  than 
10,000 y ears  o ld . With no c o n tra ry  ev idence , I  must conclude from the  
s tu d ie s  o f th e se  e a r l i e r  re se a rc h e rs  th a t  CRM was n o t a s ig n i f ic a n t  
component o f the  m ag n etiza tio n  which was measured in  th e  p lay a  sed im en ts.
The prim ary c a r r i e r  of the  m agnetiza tion  w ith in  th e  p laya  
sedim ents was assumed to  be m ag n etite . The probable  o r ig in  of the 
m agnetite  was in  th e  b a s a l t i c  rocks of the  h igh lands surround ing  the 
p la y a s , a lthough  th e  a n d e s i t ic  and r h y o l i t i c  v o lc an ic s  may a lso  have 
c o n trib u te d  m agnetite  g ra in s . The lo c a tio n s  of th e se  rock types and 
t h e i r  d is ta n c e s  to  the  p lay as  i s  d iscu ssed  in  g re a te r  d e ta i l  under 
Geology o f the  Sampling S i te s .
The assum ption th a t  m agnetite  was th e  prim ary c a r r ie r  i s  
supported  by comparison o f th e  p lay a  sedim ent dem agnetization  curves 
w ith  dem agnetization  curves o f known specim ens. Strangway (1970) pub­
lish e d  a l te r n a t in g  f i e ld  dem agnetization  curves o f some ty p ic a l  rock 
specim ens, which a re  shown here  as F igure 20. When th e  dem agnetization  
curves from the p lay a  sedim ents were p lo t te d  on S trangw ay's graph , as 
in  F igure  21, i t  was apparen t th a t  th e  m agnetic component of p laya  
sedim ents responded to  dem agnetiza tion  most l ik e  " b a s a l t  w ith  m agnetite  
as the  main m agnetic m in e ra l, broken up in to  sm all g ra in s  by e x so lu t io n ."
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From History of Wie earth's magnetic field, by D.W. Strangway, Copyright 








Figure 20, Alternating field demagnetization curves of some typical rock 
specimens.
a "redbed” sedimentary rock with hematite as the magnetic mineral.
b basalt with magnetite ae the main magnetic mineral, broken up 
into small grains by exsolution,
c basalt with magnetite as the main magnetic mineral without 
exsolution so that grains are about 20 microns in size.
















F ie ld  (Oe)
Figure 21. Comparison of playa sediment demagnetization curves with
Strangway's (1970) alternating field demagnetization curves 
of some typical rock specimens.
Typical rock demagnetization curves are from Strangway, D.W., 
1970, History of the earth's magnetic field. McGraw-Hill pub­
lishers, (Used with permission.)
RESULTS
The in fo rm ation  fo r  t h i s  s e c tio n  is  p resen ted  in  w r i t te n ,  
ta b u la r  and g raph ic  form to  f a c i l i t a t e  understand ing  and com parisons.
W illcox P la y a , A rizona
S ite  A
This was the f i r s t  lo c a tio n  from which specimens were taken .
I t  was a " t r i a l  run" in tended  to  work out th e  sam pling techn iques to  be 
used and the  u se fu ln ess  of the  r e s u l t s  o b ta in ed . Six o r ie n te d  specimens 
were taken  a t  random d i s t r ib u t io n ,  bu t no attem pt was made to  o b ta in  
paleom agnetic d a ta  from them fo r  th i s  s tu d y .
S ite  B
The r e s u l t s  ob ta ined  from sedim ents c o lle c te d  a t  t h i s  lo c a t io n
are  shown in  Table 12. These d a ta  a re  arranged w ith in  th e  ta b le  in
o rd e r of in c re a s in g  depth from th e  p lay a  su rfa c e . Table 12 p re sen ts  
both the  NRM d a ta , and th a t  fo r  50 O ersted  peak f i e ld  dem agnetiza tion .
The d a ta  a re  shown in  g raph ic  form in  F igures 22, 23 and 24.
R e l ia b i l i ty  of Data
The NRM d a ta  (no dem agnetization) a re  n o t considered  r e l i a b le  
fo r  making in te r p r e ta t io n s .  The specimens had no t been m ag n etica lly  
"cleaned" a t  th is  s tag e  and probably con tained  secondary components.
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No d a ta . Specimen too  weak to  be r e l i a b le
326 58 1.9
No d a ta . No r e l i a b le  m agnetic component could be read  
353 58 1 .4
No d a ta . No readab le  m agnetic component
No d a ta . Too weak to  measure w ith  e x is t in g  instrum ent
No d a ta . Too weak to  measure w ith  e x is t in g  instrum ent
No d a ta . Too weak to  measure w ith  e x is t in g  instrum ent
(50 O ersted Peak Dem agnetizing F ie ld )
BIR 5 13 70 5 .8
BIL 10 344 62 4 .7
B2R 15 344 54 9.2
B2L 20 330 66 5 .1
B3R 25 5 62 6 .4
B3L 30 345 59 2.2
B4R 35 346 59 1 .6
B4L 40 332 61 1.9
B5R 45 327 54 2 .8
B5L 50 335 56 6 .0
B6R 55 328 59 2 .8
B6L 60 334 64 4 .1
B7R 65 No d a ta . Specimen too  weak m ag n e tica lly  to
B7L 70 342 65 2 .0
B8R 75 No d a ta . Specimen too  weak
B8L 80 326 51 2 .7
B9R 85 No d a ta . Specimen to o  weak
B9L 90 No d a ta . Specimen too  weak
BIOR 95 No d a ta . Specimen too  weak
D ec lin a tio n  h ere  and in  th e  fo llo w in g  ta b le s  i s  from m agnetic 
n o rth  a t  th e  c o l le c t in g  s i t e .
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No data
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No data this depth, and below
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Figure 22, Declination at Site B, Willcox Playa, .ü*izona. Plotted from 
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—  No demagnetization
—  50 Oe peak field
O •0 oe 50 oe
Ko data 
50-%38 ® 0 oe
No data this depth, and below
Figure 23. Inclination at Site B, Willcox Playa, Arizona. Plotted from 






















2jO A.O 6jO 8 ,0 10^0 (X 10-5 e,m,u.)
No demagnetization
5 0  Oe peak f ie ld
to
No data
O o ^  50 oe 
No data
00 oe %0 oe
No data this depth and below
Figure 2^. Total moment per unit volume (cm^) at Site B, Willcox Playa, 
Arizona, Plotted from data in Table 12,
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m agnetic moment o f the  sedim ents appeared to  be a t ,  o r below, th e  
"n o ise"  le v e l  o f the  a s t a t i c  magnetometer. This was p a r t i c u la r ly  tru e  
fo r  those  sedim ents below the  6 0 -cen tim eter dep th . Because o f th ese  
experim en tal l im i ta t io n s ,  I  decided n o t to  con tinue dem agnetization  o f 
th e  W illcox P laya sedim ents.
Comparisons o f the  d e c lin a tio n  and in c l in a t io n  r e s u l t s  from 
th i s  s i t e  w i l l  be made w ith  those from th e  o th e r s i t e s  and w ith  those 
from the  southw est United S ta te s  archaeom agnetic s tu d ie s  under D iscussion  
o f  D ata, and sed im en ta tion  ra te s  fo r  W illcox P laya w i l l  be c a lc u la te d  
and compared w ith  o th e r pub lished  r a te s .  But th e  l im i ts  o f r e l i a b i l i t y  
o f the  above d a ta  must be considered  when making any such com parisons.
Red Lake P lay a , Arizona
S ite  Ç
The r e s u l t s  ob tained  from sedim ents c o lle c te d  a t  th i s  lo c a tio n  
a re  shown in  Tables 13 and 14. The d a ta  a re  arranged w ith in  Table 13 in  
o rd e r o f in c re a s in g  depth from the  p laya  su rfa ce . These same d a ta  a re  







D ec lin a tio n
(Degrees)
In c l in a t io n  T o ta l Moment/cm 
(Degrees) (X 10”^ emu)
(No D em agnetization)
CIR 5 1 44 71.0
CIL 10 11 61 41.9
C2R 15 339 67 47.5
C2L 20 7 70 27.7
C3R 25 28 68 42.7
C3L 30 341 62 18.8
C4R 35 351 60 19.9
C4L 40 334 67 16.8
(50 O ersted  Peak Demagnetizing F ie ld )
CIR 5 1 43 70.6
CIL 10 10 61 41.7
C2R 15 341 68 46.9
C2L 20 4 69 26.5
C3R 25 26 67 41.9
C3L 30 347 64 18.2
C4R 35 348 58 20.2
C4L 40 328 66 15.7
(100 O ersted  Peak Demagnetizing F ie ld )
CIR 5 1 42 68.4
CIL 10 9 59 40.1
C2R 15 341 68 45.7
C2L 20 1 69 25.8
C3R 25 26 68 40.0
C3L 30 349 64 16.8
C4R 35 344 58 18.5
C4L 40 328 66 13.7
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D ec lin a tio n
(Degrees)
I n c l in a t io n
(Degrees)
3
T o ta l Moment/cm 
(X 10“^ emu)
(200 O ersted  Peak Demagnetizing F ie ld )
CIR 5 2 42 61.2
CIL 10 9 60 38.9
C2R 15 342 69 41.2
C2L 20 8 69 23.1
C3R 25 22 67 35.7
C3L 30 352 65 15.2
C4R 35 345 58 16.0
C4L 40 326 67 12.1
(400 O ersted Peak Demagnetizing F ie ld )
CIR 5 2 44 43.8
CIL 10 9 60 27.8
C2R 15 346 70 29.3
C2L 20 10 69 13.9
C3R 25 19 65 24.0
C3L 30 357 67 9 .8
C4R 35 342 58 11.2
C4L 40 324 65 8.8
(800 O ersted  Peak Demagnetizing F ie ld )
CIR 5 1 49 20.3
CIL 10 18 64 14.6
C2R 15 345 72 14.9
C2L 20 25 68 8.6
C3R 25 16 63 12.0
C3L 30 349 73 6.2
C4R 35 334 57 6 .1
C4L 40 318 68 4.7
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The fo llow ing  specimens were c o lle c te d  as a s e r ie s  in  a h o r iz o n ta l  row 
20 cen tim eters  below th e  p laya  su rfa c e . They a re  from the  same le v e l
as Specimen C2L.
TABLE 14
Specimen Depth D ec lin a tio n In c l in a t io n
3
T o ta l Moment/cm
Number (cm.) (Degrees) (Degrees) (X 10-5 emu)
(No D em agnetization)
CIH 20 353 65 40.6
C2H 20 345 65 42.7
C3H 20 355 64 44.0
C4H 20 356 71 28.4
C5H 20 352 67 40.6
C6H 20 38 63 28.7
C7H 20 337 65 39.2
C8H 20 31 68 28.3
C2L 20 7 70 27.7
For the above specimens taken  from th e  same le v e l ,  alpha-95 
^ (50 O ersted Peak Demagnetizing F ie ld )
= 5 .0 '
CIH 20 358 64 39.1
C2H 20 347 66 41.8
C3H 20 356 64 42.8
C4H 20 353 70 27.9
C5H 20 354 68 40.3
C6H 20 37 64 27.6
C7H 20 340 66 38.8
C8H 20 27 68 27.3
C2L 20 4 69 26.5









In c l in a t io n
(Degrees)
3
T o ta l Moment/cm 
(X 10-5 emu)
CIH 20
(100 O ersted Peak Demagnetizing F ie ld ) 
354 65 37.3
C2H 20 350 66 41.2
C3H 20 358 63 40.7
C4H 20 348 72 26.4
C5H 20 355 68 3 7 ./
C6H 20 35 64 26.3
C7H 20 342 66 36.6
C8H 20 23 70 26.0
C2L 20 1 69 25.8
For the  above nine specim ens, alpha-95 = 4 .2 ° ; k = 126.
CIH 20
(200 O ersted Peak Demagnetizing 
355 66
F ie ld )
33.9
C2H 20 352 67 37.3
C3H 20 358 63 36.2
C4H 20 349 70 23.3
C5H 20 355 68 33.8
C6H 20 37 64 22.6
C7H 20 343 67 33.2
CBH 20 22 69 21.7
C2L 20 8 69 23.1
For th e  above n ine specim ens, alpha-95 = 3 .9 ° ; k = 141.
CIH 20
(400 O ersted Peak Demagnetizing 
357 66
F ie ld )
23.8
C2H 20 351 68 27.2
C3H 20 354 64 26.3
C4H 20 344 70 16.8
C5H 20 356 68 23.4
C6H 20 37 64 15.9
C7H 20 350 68 24.8
C8H 20 22 70 16.5
C2L 20 10 69 13.9
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• —  " 100 Oe peak f i e ld
Figure 25. Declination at Site C, Red Lake Playa, Arizona, Plotted from 
data in Table I3,
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200 Oe peak f ie ld
Depth
(cm.) □  —  —  —  400 Oe peak f i e ld  
 ...................... 800 Oe peak f i e ld
Figure 26, Declination (continued) at Site C, Red Lake Playa, Arizona, 
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■ 50 Oe peak f i e ld
■ 100 Oe peak f i e ld
F igure  27, I n c l in a t io n  a t  S i te  C, Red Lake P lay a , A rizona. P lo t te d  from 
d a ta  in  Table 13.
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Figure 28, Inclination (continued) at Site C, Red Lake Playa, Ar'izona, 


















50—  No data
Depth
(cm.) 0 dem agnetization
□ — — — — 50 Oe peak f ie ld
• ---------------- 100 Oe peak f i e ld
■ — • — • —". 200 Oe peak f ie ld
0 — — 400 Oe peak f ie ld
+ — • • • — ' ' 800 Oe peak f ie ld
Figure 29. Total moment per unit volume (cm^) at Site C, Red Lake Playa, 
Arizona. Plotted from data in Table 13»
8 6
R e l ia b i l i ty  of Data
The alpha-95*s c a lc u la te d  fo r  the  h o r iz o n ta l  row of sedim ents 
suggest th a t  the  d ire c t io n  o f m agnetiza tion  was c o n s is te n t and r e l i a b le  
a t  th a t  le v e l  below th e  s u rfa c e . This does n o t imply th a t  the  sp e c i­
mens had a c c u ra te ly  recorded  th e  tru e  paleom agnetic  f i e l d  o f th e  tim e . 
However, i s  th e re  was some d if fe re n c e  between th e  tru e  d ir e c t io n  and the  
d ire c t io n  recorded  in  the  sedim ents a t  the  2 0 -cen tim e ter d ep th , th a t  
d if fe re n c e  was uniform .
S ite  D
The r e s u l t s  o b ta ined  from sedim ents c o lle c te d  a t  th i s  lo c a t io n  
a re  shown in  Table 15. The specimens were taken  from a h o r iz o n ta l  row 
8.5 cen tim ete rs  below th e  p laya su rfa c e .
R e l ia b i l i ty  o f Data
The a lp h a -9 5 's  c a lc u la te d  fo r  t h i s  h o r iz o n ta l  row o f sedim ents 
a t  th re e  s ta g e s  o f dem agnetization  suggest th a t  the  d ire c t io n  o f magne­
t i z a t io n  was c o n s is te n t and r e l i a b le  a t  th a t  le v e l  below th e  su rfa c e . 
This does n o t imply th a t  th e  specimens had a c c u ra te ly  recorded  the  
paleom agnetic f i e ld  which e x is te d  a t  th e  tim e. I f  th e re  were some d i f ­
ference  between th e  t ru e  paleom agnetic f i e l d  d ire c t io n  and the d ire c t io n  
recorded in  the  sedim ents a t  the  8.5 cen tim ete r dep th , th a t  d if fe re n c e  
was uniform .
Table 16 compares th e  d ire c t io n s  o f m ag n etiza tio n  and in te n s i ty  
o f  S i te  C specimens from d i r e c t ly  above and below th e  le v e l  of the  
S ite  D specim ens. (Both s e ts  o f specimens were from the  same p lay a , b u t 
from lo c a tio n s  on th e  p lay a  about o n e -fo u rth  m ile  a p a r t . )  There was a 





Depth D ec lin a tio n  
(cm.) (Degrees)
In c l in a t io n  T o ta l Moment/cm 
(Degrees) (X 10“ ^ emu)
DIH 8.5
(No D em agnetization) 
34 66 162.7
D2H 8.5 359 65 162.8
D3H 8.5 360 59 151.5
D4H 8.5 3 50 166.5
D5H 8.5 4 62 185.8
D6H 8.5 359 58 155.9
D7H 8.5 13 57 163.6
D8H 8.5 352 66 184.9
D9H 8.5 344 67 182.9
DlOH 8.5 350 59 189.3
For the above ten specim ens, alpha-95 = 4 .4 ° ; k = 100.
DIH 8.5
(50 O ersted Peak Demagnetizing F ie ld ) 
33 66 162.1
D2H 8.5 360 64 160.9
D3H 8.5 358 59 152.9
D4H 8.5 3 50 166.0
D5H 8.5 4 61 184.3
D6H 8.5 358 58 156.4
D7H 8.5 12 57 163.8
D8H 8.5 353 66 183.1
D9H 8.5 346 67 183.5
DlOH 8.5 349 59 187.9
For the above ten specim ens, alpha-95 = 4 .3 ° ;  k = 105.
DIH 8.5
(100 O ersted Peak Demagnetizing F ie ld ) 
33 66 160.1
D2H 8.5 2 64 157.4
D3H 8.5 358 59 151.4
D4H 8.5 2 50 163.9
D5H 8.5 5 61 179.9
D6H 8.5 357 58 155.2
D7H 8.5 10 57 161.1
D8H 8.5 354 65 178.8
D9H 8.5 347 67 180.5
DlOH 8.5 349 58 184.2
For th e above ten specim ens, alpha-95 = 4 .3 ° ; k = 108.
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much s tro n g e r  a t  S i te  D. Unless th i s  la rg e  d if fe re n c e  in  in te n s i t i e s  
was due to  experim en tal e r r o r ,  i t  may be th a t  th e re  was a g re a te r  con­
c e n tra t io n  o f m agnetic m in e ra ls  a t  S i te  D. The com parisons were made 






D ec lin a tio n
(Degrees)
In c lin a t io n
(Degrees)
3
T o ta l Moment/cm 
(X 10"5 emu)
CIR 5 1 42 68.4
S ite  D 8.5 2 (mean) 61 (mean) 167.3 (me an)
OIL 10 9 59 40.1
The above comparisons f u r th e r  suggest th a t  th e  d a ta  a re ,  in  g e n e ra l, 
c o n s is te n t .
Smith Creek V alley  P lay a , Nevada
S ite  E
The r e s u l t s  o b ta in ed  from th e  column o f dry  sedim ents c o lle c te d  
a t  th i s  lo c a t io n  a re  shown in  Table 17. These da ta  a re  a rranged  in  o rd e r 
o f  in c re a s in g  depth from th e  p lay a  s u r fa c e . The column was cu t in to  one 
cen tim e te r  s la b s . The depths l i s t e d  in  Table 17 were to  th e  c e n te r  of 
each s l a b ’s th ic k n e s s . The d a ta  a re  in  g rap h ic  form as F igu res 30, 31 
and 32.
R e l i a b i l i ty  o f Data
There i s  obv iously  a  la rg e  in c l in a t io n  d if fe re n c e  in  th e  dry 







D ec lin a tio n
(Degrees)
In c l in a t io n
(Degrees)
3
T o ta l Moment/cm 
(X 10"5 emu)
(No D em agnetization)
El 0 .5 Broken fragm ents. Could no t be a c c u ra te ly  o rie n te d
E2 1.5 356 18 15.1
E3 2.5 358 1 12.7
E4 3.5 357 6 9.9
E5 4.5 353 -2 10.1
E6 5.5-^ 350 1 12.1
E7 6 .5 350 1 12.5
E8 7.5 355 -3 11.4
E9 8.5 347 -1 8 .6
ElO 9.5 350 -2 9 .6
E ll 10.5 358 4 11.3
E12 11.5 8 3 11.5
E13 12.5 3 0 12.5
E14 13.5 3 2 12.7
E15 14.5 6 1 12.0
E16 15.5 4 5 16.7
E17 16.5 5 5 18.7
E18 17.5 0 2 15.4
E19 18.5 4 -4 18.1
E20 19.5 8 -3 13.6
E21 20.5 12 0 16.5
E22 21.5 14 -6 14.5
E23 22.5 358 -0 10.6
E24 23.5 356 —8 9.1
E25 24.5 348 -1 8.1
E26 25.5 358 -10 9.5
E27 26.5 12 -9 11.4
E28 27.5 15 -10 9.4
E29 28.5 9 6 8.4
E30 29.5 9 -4 9 .8
E31 30.5 9 -7 12.7
E32 31.5 13 -10 13.8
E33 32.5 19 —6 11.7
E34 33.5 20 -5 11.2
E35 34.5 15 -10 12.2
E36 35.5 16 -4 13.7
E37 36.5 19 -2 13.0
E38 37.5 17 -1 12.0
E39 38.5 18 -2 11.6
E40 39.5 20 -5 12.8
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TABLE 1 7 -- (Continued)
Specimen Depth D ec lin a tlo n In c lin a tio n
3
T o ta l M o^nt/cm
Number (cm. ) (Degrees) (Degrees) (X 10“ emu)
(No D em agnetization)
E41 40.5 17 -6 12.5
E42 41.4 12 -3 11.3
E43 42.5 14 -2 10.9
E44 43.5 15 -1 9 .9
E45 44.5 13 -7 7 .3
E46 45.5 9 2 7.4
E47 46.5 4 5 6.7
E48 47.5 14 6 6 .1
E49 48.5 16 5 6.9
E50 49.5 Thin c ru s t  from bottom  of column. Could not be
o r ie n te d .
(100 O ersted Peak Demagnetizing F ie ld )
El 0 .5 Broken fragm ents Could no t be a c c u ra te ly  o r ie n te d .
E2 1 .5 352 18 15.6
E3 2.5 357 0 12.5
E4 3.5 359 -3 9.6
E5 4.5 349 -8 10.3
E6 5 .5 352 0 11.3
E7 6.5 350 3 12.1
E8 7.5 351 2 11.1
E9 8.5 349 -2 8.4
ElO 9.5 351 -2 8 .8
E l l 10.5 3 4 10.1
E12 11.5 5 3 11.3
E13 12.5 7 2 12.7
E14 13.5 8 5 12.2
E15 14.5 7 2 11.3
E16 15.5 4 7 16.2
E17 16.5 6 4 19.4
E18 17.5 359 1 14.4
E19 18.5 7 -5 17.2
E20 19.5 9 -7 13.7
E21 20.5 15 -1 15.7
E22 21.5 13 -9 14.2
E23 22.5 359 5 11.0
E24 23.5 1 -8 8.9
E25 24.5 349 -4 7.6
E26 25.5 0 -5 9.4
E27 26.5 11 -11 11.0
E28 27.5 14 —8 9.0
E29 28.5 10 -9 8.8







D ec lin a tio n
(Degrees)
I n c l in a t io n
(Degrees)
3
T o ta l Moment/cm 
(X 10-5 emu)
(100 O ersted  Peak Demagnetizing F ie ld )
E31 30.5 10 -11 12.4
E32 31.5 14 —8 14.3
E33 32.5 18 -12 12.5
E34 33.5 21 -7 11.2
E35 34.5 15 -7 12.2
E36 35.5 16 —6 13.2
E37 36.5 20 -2 12.3
E38 37.5 16 -2 11.9
E39 38.5 18 -1 11.3
E40 39.5 19 -4 12.2
E41 40.5 16 -7 11.5
E42 40.5 16 0 11.3
E43 42.5 15 -1 10.6
e44 43.5 17 1 9.5
E45 44.5 17 -2 7.3
E46 45.5 9 6 7.4
E47 46.5 4 5 6.2
E48 47.5 16 14 6 .0
E49 48.5 21 -4 6.9
E50 49.5 Thin c ru s t from bottom  of column Could no t be
o r ie n te d .
(200 O ersted Peak Demagnetizing F ie ld )
El 0.5 Broken fragm ents. Could n o t be a c c u ra te ly  o r ie n te d .
E2 1.5 355 8 13.1
E3 2.5 351 -2 12.7
E4 3.5 0 12 9 .3
E5 4.5 347 2 9 .4
E6 5 .5 350 3 9 .8
E7 6.5 351 1 11.6
E8 7.5 352 -2 10.4
E9 8.5 349 2 8 .3
ElO 9.5 347 -4 8 .1
E ll 10.5 3 3 10.0
E12 11.5 6 4 9.9
E13 12.5 9 2 11.2
E14 13.5 9 4 12.3
E15 14.5 5 0 10.7
E16 15.5 4 6 15.3
E17 16.5 8 2 17.8
E18 17.5 0 -2 14.3
E19 18.5 8 -3 16.4







D eclin a tio n
(Degrees)
In c l in a t io n
(Degrees)
3
T o ta l Moment/cm 
(X 10"5 emu)
(200 O ersted  Peak Demagnetizing F ie ld )
E21 20.5 14 9 14.9
E22 21.5 13 -2 12.7
E23 22.5 358 -1 9 .9
E24 23.5 1 -22 8.7
E25 24.5 352 -8 7.5
E26 25.5 1 -11 8.9
E27 26.5 13 -5 10.0
E28 27.5 16 -11 8.5
E29 28.5 7 -11 8.6
E30 29.5 13 -3 9 .4
E31 30.5 10 -10 11.2
E32 30.5 10 -8 13.4
E33 32.5 16 07 11.0
E34 33.5 21 -10 10.1
E35 34.5 16 -7 11.2
E36 35.5 20 -4 12.3
E37 36.5 16 0 11.5
E38 37.5 16 0 11.3
E39 38.5 22 -2 10.4
E40 39.5 21 -3 11.4
E41 40.5 17 0 11.0
E42 41.5 16 -6 10.3
E43 42.5 14 -2 9 .7
E44 43.5 13 4 8.4
E45 44.5 16 -4 6.7
E46 45.5 6 2 6 .6
E47 46.5 5 6 5 .7
E48 47.5 16 14 5 .2
E49 48.5 17 20 6.5
E50 49.5 Thin c ru s t  from bottom  o f column.
Could n o t be o r ie n te d .
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•100 Oe peak f i e ld  
■200 Oe peak f i e ld
Figure 30. Declination at Site E, Smith Greek Valley Playa, Nevada, 
Plotted from data in Table 17.
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— — — — 100 Oe peak f i e l d  
--------------  200 Oe peak f i e l d
Figure 31. Inclination at Site E, Smith Greek Valley Playa, Nevada. 
Plotted from data in Table 17.
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100 0* peak f ie ld  
200 Oe peak f i e ld
Figure 32. Total moment per unit volume (cm^) at Site E, Smith Creek 
Valley Playa, Nevada. Plotted from data in Table 17.
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of in c l in a t io n  fo r  th i s  lo c a tio n  was 65° North w ith  an annual change of 
-2 .2  m inutes. (H. 0. 1700, U.S. Naval Oceanographic O ff ic e ) . Unless 
th e re  was an experim en tal e r ro r  in  measurement o f  the  in c l in a t io n ,  the  
sedim ents may have compacted upon dry ing  causing  th e  m agnetic g ra in s  
to  lo se  t h e i r  o r ie n ta t io n  w ith re sp ec t to  in c l in a t io n .  Compaction might 
account fo r  bo th  the  low angles and n e g a tiv e  in d ic a tio n s  of in c l in a t io n  
(Table 17).
A ll d e c lin a tio n s  l i s t e d  in  Table 17 were c o rre c te d  +4° to  
compensate fo r  the s l i g h t  m isalignm ent from m agnetic n o rth  o f th e  p l a s t i c  
c o n ta in e r in  which th e  dry sedim ent column was removed from i t s  o r ig in a l  
p o s it io n  in  th e  p laya lak e  bed. The uppermost la y e r s  o f the  column 
should have shown m agnetic d ire c t io n s  c lo se  to  0° d e c lin a tio n  from mag­
n e t ic  n o r th , as the annual change in  d e c lin a tio n  a t  t h i s  lo c a t io n  was 
re p o rted  a t  2 .0  m inutes westward (Iso g o n ic  Chart o f th e  U nited S tages, 
1965.0 , U.S. 3077, Coast and G eodetic Survey). I t  would take  t h i r t y  
y ears  fo r  a one-degree change in  d ir e c t io n .  The topmost one cen tim e te r 
s lab  should  have been c lo s e s t  to  0° in  m agnetic d i r e c t io n .  U n fo rtu n a te ly , 
i t  was broken w hile  c u tt in g  i t  from the  column of sedim ents and could no t 
be m easured. As shown in  Table 17, those  sedim ents j u s t  below th e  top 
o f the  column had m agnetic v e c to rs  from f iv e  to  te n  degrees w est of the  
p re sen t m agnetic n o rth . I t  i s  p o ss ib le  th a t  th e  whole column ro ta te d  a 
few degrees during  t r a n s p o r ta t io n .  The August tem peratu re  in  th e  d e se r t 
o fte n  exceeded 100° F. Although wrapped in  aluminum f o i l  to  r e f l e c t  as 
much h e a t as p o s s ib le , th e  p a r a f f in ,  which surrounded th e  column and h e ld  
i t  in  p lace  w ith in  the  p la s t i c  c o n ta in e r , could have become s o f t  enough 
to  perm it th e  column to  tu rn  s l ig h t ly  and thus lo se  i t s  o r ig in a l
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o r ie n ta t io n  w ith  re sp e c t to  th e  North-South edge o f  th e  c o n ta in e r . The 
column was no t b roken, so i f  any s l ig h t  ro ta t io n  d id  occur, i t  was 
uniform  throughout th e  depth of the  column. Major d e f le c tio n s  in  
m agnetic d ire c tio n  to  th e  e a s t  or west can s t i l l  be compared in  s im ila r  
d e f le c t io n s  from o th e r  so u rces .
A lpha-95 's could no t be c a lc u la te d  fo r  th i s  s i t e ,  as only one 
column was taken . C onsequently , th e re  was only one specimen fo r  each 
le v e l .
DISCUSSION OF DATA
With th e  l im i ta t io n s  on the  r e l i a b i l i t y  o f c e r ta in  o f th ese  
d a ta  in  mind, such as S i te  B specimens and those  few S ite  E specimens 
noted  in  Table 11, i t  i s  p o s s ib le  to  compare the  r e s u l t s  from each 
s i t e ,  and to  compare th e  r e s u l t s  from each s i t e  to  th e  archaeom agnetic 
d e c lin a tio n  and in c l in a t io n  curves fo r  th e  Southw estern U nited  S ta te s  
de riv ed  by R. L. DuBois (1974) from th e  s tu d y  of baked c la y s .
Comparison o f Data between S i te s  
These com parisons a re  most e a s i ly  seen in  g rap h ic  form. In  
F igures 33, 34, and 35, d e c l in a t io n , in c l in a t io n ,  and m agnetic in te n ­
s i t y  curves o f m ag n e tica lly  "cleaned" specimens from the  th re e  sang)ling 
s i t e s  a re  p lo t te d  on th e  same graphs fo r  com parison. The p lo ts  a re  a l l  
to  th e  same s c a le  in  dep th  below th e  p laya  s u r fa c e s . Such a comparison 
i s  v a l id  only i f  th e  sed im en ta tio n  r a te  a t  each s i t e  has been the  same 
throughout th e  id e n t ic a l  p e rio d  o f tim e a t  each lo c a t io n . Because of 
d if fe re n c e s  in  c lim a te , topography, and o th e r  f a c to r s  a f f e c t in g  sedimen­
ta t io n ,  i t  i s  u n lik e ly  th a t  th e  r a te  o f d e p o s it io n  a t  each p lay a  would 
be th e  same. F ig u res  33, 34, and 35 show th a t  th e  w id est v a r ia t io n  
appears in  th e  d a ta  from S ite  E. A fte r  s e v e ra l  t r i a l  and e r r o r  a ttem p ts 
to  o b ta in  a b e t t e r  f i t ,  I  found th a t  by expanding th e  depth o f the  S i te  E 
curves by a f a c to r  of 2 .5 , th e  m ajor d e f le c t io n  p o in ts  in  th e  S i te  E 
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S ite  B (50 Oe peak f ie ld )  
•S ite  C (100 Oe peak f ie ld )  
■Site S (100 Oe peak f ie ld )
Figure 33. Declination comparison. Curves adjusted to true north.
No adjustment for depth, which assumes identical rates of 
deposition at each playa.
S ite  B -  S ite  C c o r re la t io n  c o e f f ic ie n t  ( r )  = 0 .55; n = 8
S ite  B -  S i te  E r  = -0 .8 3 ; n = 9
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• • • Site B (50 Oe peak f ie ld )  
—  — Site C (100 Oe peak f ie ld )  
— ■ ■ ■ Site F. (100 Oe peak f ie ld )
Figure 3A» Inclination comparison. Angles in parentheses at top of graph 
are those found in the Site E specimens. No adjustment for 
depth, which assumes identical rates of deposition at each playa.
S ite  B -  S ite  C c o r re la t io n  c o e f f ic ie n t  (r )  = -0 .6 0 ; n = 8
S ite  B -  S ite  E r  = -0 .4 1 ; n = 9





















10.0 Site B values
50.0 Site C values
15.0 Site E values
. •
•  • • • • b a t e S ite  B (50 Oe peak f ie ld )
—  —  — —  Site C (100 Oe peak f ie ld )
 -------------------- S ite  E (100 Oe peak f ie ld )
Figure 35. Total moment per cm̂  comparison. Ko adjustment for depth, which 
assumes identical rates of deposition at each playa.
S ite  B -  S ite  C c o r re la t io n  c o e f f ic ie n t  ( r )  = 0 .72 ; n = 8
S ite  B -  S ite  E r  = 0 .20 ; n = 9
S ite  C -  S ite  E r  = -0 .2 7 ; n = 8
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th e  agreement was f a r  from p e rfe c t in  any case . Expansion of the  S ite  E 
depth by 2 .5  im plies  th a t  the  r a te  o f sed im en ta tion  a t  S ite  E was only 
about tw o - f if th s  th e  r a te  of sed im en ta tion  a t  the  A rizona s i t e s .  The 
c lim ate  a t  the  Nevada s i t e  appears to  have been d r i e r  du ring  the  tim e of 
d e p o sitio n . As i t  tu rned  out l a t e r ,  when making comparisons w ith  the 
archaeom agnetic cu rv es, I  had to  expand th e  S ite  C curves by a f a c to r  o f 
1 .5 , im plying th a t th e  r a te  o f sed im en ta tion  a t  S ite  C was only two- 
th i r d s  th e  r a te  o f sed im en ta tion  a t  S i te  B. The c lim a te  a t  th e  northw est 
A rizona s i t e  appears to  have been d r i e r  than the  c lim a te  a t  th e  so u th ea s t 
Arizona s i t e  du ring  th e  tim e o f d e p o s it io n . I f  my d a ta  a re  v a l id ,  i t  can 
be s a id  th a t  th e  c lim ate  became more a r id  from so u th ea s t A rizona, n ea r 
p re sen t-d ay  W illcox, northw estw ard through p resen t-d ay  Kingman, A rizona, 
up in to  Nevada n ear p re sen t-d ay  A ustin .
D ec lin a tio n
An exam ination o f  F igure  33, which i s  a comparison of the  
d e c lin a tio n  curves from th e  th re e  p layas w ith  no ad justm ent in  dep th , 
shows th a t  th e  d e f le c t io n  p o in ts  in  th e  S ite  B and S ite  C curves a lig n  
r a th e r  w e ll ,  b u t the  S ite  E curve f i t s  poo rly . In  F igure  36, th e  S ite  E 
d e c lin a tio n  curve has been expanded by 2 .5  in  dep th , which improved some­
what th e  alignm ent of the  d e f le c t io n  p o in ts . In  comparing th e se  cu rves, 
one must remember th a t  th e  S ite  B and S ite  C specimens were taken  f iv e  
cen tim ete rs  a p a r t in  dep th , w hile the  S ite  E specimens were taken  one 
cen tim ete r a p a r t from a continuous column. This d if fe re n c e  in  sam pling 
methods might be expected to  produce more d e ta i l  on th e  S ite  E curve than  
a re  found on the  o th e r  two, as th e y , in  f a c t ,  do.
B & c E 
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O Site B ( 5 0  Oe)
o Site B (50 Oe)
......... Site B (50 Oe peak field)Depth 
(cm.)
— — — — S ite  G ( 1 0 0  Oe peak f ie ld )
- " S i te  E ( 1 0 0  Oe peak f ie ld )
F igure  3 6 . D ec lin a tio n  com parison. Curves a lig n ed  a t  tru e  n o r th . No
ad justm ent f o r  depth S i te  B and S i te  0 cu rv es , b u t S i te  E curve 
dep th  expanded by 2 .5  which assumes a  slow er r a te  o f  d e p o s itio n  
a t  S ite  E. S i te  B -  S i te  C c o r r e la t io n  c o e f f ic ie n t  (r )  = 0 .55 ; 
n = 8. S ite  B -  S i te  E r  = -0 .2 4 ; n = 12. S ite  C -  S ite  E r  = -0 .4 5 ; 
n = 8.
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In c lin a t io n
Figure 34, a comparison of the  in c l in a t io n  curves from the  
th re e  p layas w ith  no adjustm ent in  d ep th , confirm s th a t  m agnetic in c l in a ­
t io n  in  sedim ents is  g en e ra lly  le s s  r e l i a b le  than  d e c lin a t io n . In 
F igure 37, where th e  S ite  E in c l in a t io n  curve has been expanded by 2.5 
in  depth to  conform w ith  the d e c lin a tio n  curve, th e re  is  s l ig h t ly  b e t t e r  
agreement among the  m ajor d e f le c tio n  p o in ts  on th e  curves. Although th is  
expansion in  depth produced a b e t t e r  f i t  in  both  d e c lin a tio n  and to t a l  
moment cu rv es , th e re  remains th e  g re a te r  in c l in a t io n  d if fe re n c e  between 
th e  m oist and dry sedim ents.
T o ta l Moment
Figure 35 compares the  m agnetic i n t e n s i t i e s  of th e  th re e  curves 
w ith  no adjustm ent fo r  depth. As in  th e  case o f th e  d e c lin a t io n  curves 
in  F igure 33, the  S ite  B and S ite  C curves a lig n  r a th e r  w e ll ,  b u t the  
S ite  E curve f i t s  p o o rly . However, when th e  S i te  E curve i s  expanded in  
depth by 2 .5 , as in  F igure  38, the  alignm ent o f  th e  m ajor d e f le c tio n  
p o in ts  in  th e  S ite  E curve improves. From th e  S ite  B and S ite  C in te n ­
s i t y  curves i t  appears th a t  th e  ambient m agnetic f i e ld  was weaker a t the  
35-40 cen tim ete r dep th . (This r e la te s  to  somewhere between 600 and 800 
years  ago on the archaeom agnetic c u rv e s .)  But a t  about t h i s  same tim e, 
th e  S ite  E in te n s i ty  curve appears anomalously h ig h . This could have 
been an experim en tal e r r o r ,  o r p o ss ib ly  a h ig h e r co n cen tra tio n  o f 
magnetic m inerals  in  th e  sedim ents a t th a t  depth .
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( 5 0  Oe Site B (50 Oe peak f ie ld )
— Site C (100 Oe peak f ie ld )
-Site E (100 Oe peak f ie ld )
Figure 37. Inclination comparison. Angles in parentheses at top of graph are
those found in the Site E specimens. No adjustment for depth Site B 
and Site C curves, but Site E curve depth expanded by 2.5 which 
assumes a slower rate of deposition at Site E. S ite  B -  S ite  C 
c o r re la t io n  c o e f f ic ie n t  (r )  = -0 .6 0 ; n = 8. S ite  B -  S ite  E r  = 0 .31; 
n = 12. S ite  C -  S ite  E r  = -0 .5 1 ; n = 8.
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Site B (50 Os peak f ie ld )
Site C (100 Oe peak f ie ld )
Site E (100 Oe peak f ie ld )
Site B 
(50 Oe)
©Site B (50 Oe)
Figure 38, Total moment per cm^ conçarison. No adjustment for depth in the
Site B and Site C curves, but Site E curve expanded by 2.5 times in
depth assumes a slower rate of deposition at Site E.
S ite  B -  S ite  C c o rre la tio n  c o e f f ic ie n t  ( r )  = 0 .7 2 ; n = 8. S i te  B -
S ite  E r  = -0 .2 4 ; n = 12. S ite  C -  S ite  E r  = 0 .9 4 ; n = 8.
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Comparisons w ith  th e  Southw estern U nited S ta te s  
Archaeomagnetic Curves
A purpose o f th is  In v e s tig a t io n  was to  compare th e  d e c lin a tio n  
and In c lin a t io n  d a ta  from p lay a  sedim ents w ith  th o se  from th e  Southwest­
ern  U nited S ta te s  archaeom agnetic d a ta . To my knowledge th e re  a re  no 
m agnetic I n te n s i ty  curves derived  from archaeom agnetic d a ta  f o r  the  U.S. 
w ith  which to  compare th e  m agnetic I n te n s i ty  curves from the  sedim ents.
D eclin a tio n
F igure 39 re p re se n ts  the  Southw estern U nited S ta te s  d e c lin a tio n  
curve as d erived  from th e  archaeom agnetic s tu d ie s  o f R. L. DuBols (1974). 
The curve shows changes In d e c lin a tio n  from about 1950 A .D ., a t  th e  top 
o f the  c h a r t ,  to  about 650 A .D ., a t  th e  bottom . The curve Is  b e s t  
defined  In the p e rio d  900 to  1550 A.D. The rem ainder o f the  curve, 
b e fo re  and a f t e r  th o se  d a te s .  Is  approxim ated. The l e t t e r s  A through H 
to  the r ig h t  of th e  curve Id e n tify  e a s i ly  recogn izab le  d e f le c t io n  p o in ts  
on the  curve , and th e  numbers In  pa ren th eses  fo llow ing  each l e t t e r ,  A-H, 
re p re se n t the  approxim ate number o f y ears  b e fo re  1973 A.D. when th o se  
d e f le c tio n s  occu rred . The y ear 1973 was chosen as th e  re fe re n c e  y e a r , 
because I t  was then  th a t  th e  p lay a  specimens were tak en , and presumably 
the  sedim ents a t th e  top of the  p laya lake  bed were dep o sited  a t  about 
th a t  tim e.
F igure  40 compares th e  d e c lin a tio n  curve from S ite  B w ith  the 
archaeom agnetic d e c lin a t io n  curve. There appears to  be a  reasonab ly  good 
agreem ent, a lthough one must keep In  mind th a t  th e  sedim ent specimens 
were taken  a t  each f iv e  cen tim ete r le v e l  below th e  s u rfa c e , th e re fo re , 
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Figure 39» Southwestern United S ta tes d ec lin a tio n  curve. From archaeomagnetic
data o f R.L. DuBois. F etters  A -  H id e n t ify  recognizable d e f le c t io n s  
on the curve. Fumbers in  parentheses are approximate number o f years 
before 1^73 when the d e f le c t io n s  occurred. The curve i s  b est defined  
in the period 900 to  1550 A.D, The remainder o f  the curve, before 
and a fte r  those d a tes , i s  approximated.
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Figure 40 . Comparison o f S ite  B d ec lin a tion  carve vrith Southwestern U .S.
archaeomagnetic d ec lin a tio n  curve. L etters in  parentheses are 
supvested equivalent d e f le c t io n  n o in ts on the S ite  B curve. 
C orrelation c o e f f ic ie n t  (r) = 0 .85; n = 13.
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curve. The l e t t e r s  in  p a ren th eses  ad jacen t to  th e  S ite  B curve, (A) 
through (E ), a re  thought to  be d e f le c tio n s  eq u iv a len t to  th e  same 
le t t e r e d  p o s itio n s  on th e  archaeom agnetic curve. The fa c t  th a t  a l l  
p o in ts  a re  no t d i r e c t ly  opposite  each o th e r could be accounted fo r  by 
changes in  the  r a te  o f  d ep o sitio n  in  the  sed im ents. I  cannot ex p la in  
why some of th e  d e f le c tio n s  in  the  S ite  B curve appear exaggerated , 
u n le ss  i t  i s  a r e s u l t  of experim ental e r r o r s ,  o r the  archaeom agnetic 
curve has been "averaged o u t."
F igure  41 is  a comparison of the  d e c lin a tio n  curve from S ite  C 
w ith the  archaeom agnetic d e c lin a tio n  curve. Reasonable agreement was 
ob ta ined  by in c re a s in g  th e  s c a le  fo r  depth below the  su rfa c e  by a fa c to r  
of 1.5 tim es th e  S i te  B s c a le . This im p lies  a s l ig h t ly  slow er r a te  of 
d ep o sitio n  a t  th i s  s i t e  as compared w ith  th e  r a te  o f d ep o sitio n  a t  S ite  
B. Again, th e  l e t t e r s  in  p a ren theses nex t to  the  S ite  C curve , (A) 
through (E ), a re  assumed to  be eq u iv a len t to  the  same l e t t e r e d  d e fle c ­
tio n s  on the  archaeom agnetic curve. As in  the  case o f S ite  B, th e  fa c t  
th a t  the  d e f le c t io n  p o in ts  a re  no t e x ac tly  a lig n ed  may be due to  changes 
in  th e  r a te  o f d ep o s itio n  o f the  sed im ents, o r f a i lu r e  to  show any 
changes th a t  might have occurred  between th e  f iv e  cen tim ete r sampling 
dep ths. Some of th e  d e f le c t io n s  in  the  S ite  C curve appear exaggera ted , 
which may be fo r  th e  same reasons given above fo r  S ite  B.
Figure 42 compares the  d e c lin a tio n  curve from S ite  E w ith  the  
archaeom agnetic d e c lin a tio n  curve. There a re  d e f le c tio n s  in  the  S ite  E 
curve which do n o t show on th e  archaeom agnetic curve. This may be due 
to  averag ing  of the  archaeom agnetic d a ta . What appears to  be a reason­
ab le  f i t  between th e  two curves was ob ta ined  by in c re a s in g  the S ite  E
'i’r u e 111
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Figure A1. Comparison of Cite C d eclin ation  curve with Southwestern U .S.
archaeomagnetic d eclin a tion  curve. le t t e r s  in  parentheses are 
suggested equivalent d e flec tio n  noints on the S ite  C curve. 
C orrelation c o e ff ic ie n t  (r) = 0.65; n = 8.
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D ec lin a tio n
—  700 \
Year 4.D. \
4 0 -  
Depth 
(cm, )
Figure 42. Comparison o f S ite  E d ec lin a tio n  curve with Southwestern U.S.
archaeomagretic d ec lin a tio n  curve. L etters in  parentheses are 
suggested equivalen t d e fle c tio n  m in ts  on the S ite  E curve. 
Correlation c o e f f ic ie n t  (r) = -0 .2 7 ; n = 37.
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sc a le  fo r  depth by a f a c to r  o f 2 .5  tim es th e  S ite  B s c a le .  This im p lie s  
a ra te  o f  d e p o s itio n  o f the  Nevada sedim ents only tw o -f if th s  th a t  o f  th e  
W illcox sed im en ts. The l e t t e r s  in  p a ren th eses  a d jacen t to  th e  S i te  E 
curve, (A) through (H ), a re  assumed to  be eq u iv a len t to  th e  same l e t t e r e d  
p o in ts  on the  archaeom agnetic curve.
In c l in a t io n
F igure 43 is  a re p re s e n ta t io n  o f th e  Southw estern U nited S ta te s  
in c l in a t io n  cu rv e , d e riv ed  from R. L. DuBois' (1974) archaeom agnetic 
s tu d ie s .  L ike th e  archaeom agnetic d e c lin a tio n  curve, i t  shows changes in  
in c l in a t io n  from around 1950 A.D. a t  the  top to  around 650 A.D. a t  th e  
bottom . The curve i s  b e s t  d e fin ed  in  th e  p e rio d  900 to  1550 A.D. The 
rem ainder of th e  cu rve , b e fo re  and a f t e r  th o se  d a te s ,  i s  approxim ated.
The l e t t e r s  N through U to  th e  r ig h t  o f th e  curve id e n t i fy  reco g n izab le  
d e f le c t io n  p o in ts ,  and th e  numbers in  p a ren th ese s  fo llo w in g  each l e t t e r ,  
N-U, a re  th e  approxim ate number o f y ears  b e fo re  1973 when th e se  d e f le c ­
tio n s  o ccu rred .
A comparison o f  th e  archaeom agnetic in c l in a t io n  curve and th e  
S ite  B in c l in a t io n  curve i s  made in  F igure  44. The S i te  B in c l in a t io n  
curve was p lo t te d  in  the  same r e la t iv e  p o s it io n  as th e  S i te  B d e c l in a t io n  
curve w ith  re sp e c t to  s c a le  in  depth and y e a r A.D. The agreem ent between 
th ese  two cu rv es, i f  any, i s  more d i f f i c u l t  to  see  than  i s  th a t  o f  th e  
d e c lin a tio n  curves ; however, what a re  thought to  be comparable d e f le c t io n  
p o in ts  have been id e n t i f i e d  w ith  l e t t e r s  in  p a re n th e se s , (N) througji (T ) , 
ad jacen t to  th e  S i te  B curve.
F igure  45 compares the  in c l in a t io n  curve from S i te  C w ith  the  
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Figure 43. Southwestern United S ta tes in c lin a tio n  curve. From archaeomagnetic
data o f  R.L, DuBois, L etters N -  U id e n t ify  recognizable d e fle c t io n s  
on the curve, Numbers in  parentheses are approximate number o f years 
before 1973 when the d e fle c t io n s  occurred. The curve i s  b est defined  
in  the period 900 to  1550 A.D, The remainder o f the curve, before 
and a fte r  those d a tes , i s  approximated.
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Figure Comparison o f S ite  B in c lin a tio n  curve with Southwestern U,S,
archaeomagnetic in c lin a tio n  curve. L etters in  parentheses are 
suggested equ ivalen t d e fle c t io n  p o in ts  on the S ite  B curve. 
C orrelation c o e f f ic ie n t  (r) = 0.54; n = 14.
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Figure A5. Comparison o f S ite  C in c lin a tio n  curve with Southwestern U.S.
archaeomagnetic in c lin a tio n  curve. L etters in  parentheses are 
suggested equivalent d e fle c t io n  p oin ts on the S ite  C curve, which 
has been positioned  in  depth and scale to  agree with S ite  C 
d ec lin a tio n  curve in  depth and s c a le .
C o rre la tio n  c o e f f ic ie n t  (r )  = -0 .4 4 ; n = 8.
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to  pu t i t  in  th e  same r e la t iv e  p o s i t io n  as th e  S i te  C d e c lin a tio n  curve 
depth and tim e. There i s  only one d e f le c t io n  p o in t on th i s  100 O ersted 
curve which shows any agreem ent, (R)-R. However, th e  400 and 800 O ersted  
dem agnetization  curves fo r  S ite  C show two o th e r d e f le c t io n  p o in ts  which 
more n e a r ly  agree w ith  th e  archaeom agnetic curve. The 800 O ersted  com­
p a riso n  curve is  F igure  46. P o in ts  (P ) , (Q ), and (R) on th e  800 O ersted  
S i te  C curve now a p p a ren tly  agree w ith  p o in ts  P, Q, and R on th e  archaeo­
m agnetic curve. The 800 O ersted in c l in a t io n  comparison made i t  n ecessa ry  
to  compare th e  800 O ersted  d e c lin a tio n  curve from S ite  C a g a in s t  th e  
archaeom agnetic d e c lin a t io n  curve to  determ ine w hether or no t th e re  were 
s ig n i f ic a n t  changes from th e  100 Oe curve. The comparison i s  shown in  
F igure  47. There was a re p o s it io n in g  upward o f p o in t (C) from i t s  lo ca ­
t io n  on th e  100 Oe curve.
F igure  48 i s  a comparison of th e  S i te  E and archaeom agnetic 
in c l in a t io n  cu rves. J u s t  as in  th e  case o f the  d e c lin a tio n  curve from 
S ite  E, th e re  a re  d e f le c t io n s  on th e  in c l in a t io n  curve which do no t show 
on th e  archaeom agnetic curve. P o s itio n in g  in  depth and tim e of the  
S ite  E in c l in a t io n  curve has p laced  i t  in  th e  same r e la t iv e  p o s i t io n  as 
th e  S ite  E d e c lin a tio n  curve . Those d e f le c t io n  p o in ts  which a re  thought 
to  be e q u iv a len t on th e  two curves have been id e n t i f ie d  (N) through (U ).
The above v i s u a l ,  o r g rap h ic , " f i t s "  between sedim ent D and I  
curves and th e  archaeom agnetic D and I curves are  s p e c u la tiv e . Following 
a re  o th e r  methods fo r  comparing the  s e p a ra te ly  d e riv ed  cu rv es, which 
attem pt to  determ ine more co n c lu s iv e ly  w hether or no t the  f i t  between 
them is  r e a l .
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Figure 46. Comparison of S i te  C in c l in a t io n  curve w ith  Southw estern U .S.
archaeom agnetic in c l in a t io n  cu rv e . L e t te r s  in  p a re n th e se s  a re  
suggested e q u iv a le n t d e f le c t io n  p o in ts  on th e  S i te  C cu rv e . 
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F igure  A7. Comparison o f S ite  C d e c lin a t io n  curve w ith  Southw estern U.S.
archaeom agnetic d e c lin a t io n  cu rve . L e tte r s  in  p a ren th eses  a re  
suggested e q u iv a le n t d e f le c t io n  p o in ts  on th e  S ite  C curve . 
C o rre la tio n  c o e f f ic ie n t  ( r )  = 0 .84 ; n = 8.
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F igure 4.8. Comparison o f S ite  E in c l in a t io n  curve w ith  Southw estern U.S.
archaeom agnetic in c l in a t io n  cu rve . L e tte r s  in  p a ren th ese s  a re  
suggested e q u iv a le n t d e f le c t io n  p o in ts  on th e  S ite  E cu rve . 
C o rre la tio n  c o e f f ic ie n t  ( r )  = 0 .3 1 ; n = 37.
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Rates of Sedim entation 
Another way of looking a t  the  f i t  o f the curves i s  to  c a lc u la te  
sed im en ta tion  ra te s  u s in g  d e f le c tio n  p o in ts  from th e  se p a ra te  D and I  
curves. I f  the ra te s  fo r  d e c lin a tio n  curves a re  found to  be th e  same as 
the  sed im en ta tion  ra te s  fo r  the  in c l in a t io n  curves a t  each s i t e  ( i t  i s  
no t expected th a t  they would be th e  same between s i t e s )  , i t  i s  evidence 
th a t  the  playa d a ta  a re  in  agreement w ith  the  archaeom agnetic curves.
As a f u r th e r  t e s t ,  i f  i t  can be shown th a t sed im en ta tion  r a te s  c a lc u la te d  
from the paleom agnetic d a ta  agree w ith  sed im en ta tion  ra te s  c a lc u la te d  
from an independent so u rce , such as Carbon-14 d a tin g , th e  v a l id i ty  of 
the  p laya  da ta  would be fu r th e r  e s ta b lis h e d .
By using  p o in ts  on a curve derived  from th e  dry lake sed im en ts , 
which give a  measure o f depth below the  p re sen t p lay a  s u r fa c e , and 
matching them w ith  s im ila r  p o in ts  on the  archaeom agnetic cu rve , which 
give a measure of tim e in  years b e fo re  the  p re s e n t, i t  i s  p o s s ib le  to  
c a lc u la te  sed im en ta tion  r a te s  fo r  the  p lay as . Following a re  ta b le s  o f 
da ta  taken  from the  archaeom agnetic-playa sedim ent comparison curves 
showing the sed im en ta tion  ra te s  c a lc u la te d  from them.
The sed im en ta tion  ra te s  in  Tables 18 through 25 show some 
agreement between th e  d e c lin a tio n  and in c l in a t io n  comparisons fo r  each 
s i t e .  The use o f sed im en ta tion  ra te s  as evidence fo r  agreement between 
curves might have more meaning q u a n t i ta t iv e ly  i f  the  a c tu a l  curves p ro­
duced ra te s  which c lo se ly  approximated r a te s  de riv ed  from a th e o r e t ic a l  
"p e r fe c t match" between the  archaeom agnetic and p lay a  sedim ent d a ta . In  
o th e r words, i f  we assume a p e r fe c t agreement between archaeom agnetic 
curves and p laya  sedim ent cu rves, "s tan d ard  sed im en ta tion  r a te s  could be
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TABLE 18
SEDIMENTATION RATES FROM SITE B®
ARCHAEOMAGNETIC DECLINATION COMPARISON
Equivalent




















P o in ts  
(cm /year)
0 0
(A) -  A 5 80 0.062 5 80 0.062
(B) -  B 2 0 290 0.069 15 2 1 0 0.071
(C) -  C 25 400 0.062 5 1 1 0 0.045
(D) -  D 45 620 0.073 2 0 2 2 0 0.091
(E) -  E 55 760 0.072 1 0 140 0.071
See Figure 40.
Note; Average r a te  o f sed im en ta tion  fo r  760 y e a rs  = 0.072 cm /yr.
Average o f sed im en ta tio n  r a te s  between p o in ts  = 0 .068 cm /yr.
TABLE 19
SEDIMENTATION RATES FROM SITE B® 
ARCHAEOMAGNETIC INCLINATION COMPARISON
Equivalen t
















P o in ts
(y ea rs)
Sed R ate: 
Between 
P o in ts  
(cm /year)
0 0
(N) -  N 15 270 0.056 15 270 0.056
5 70 0.071
(0 ) -  0 2 0 340 0.059
2 0 260 0.077
(Q) -  Q 40 600 0.067 5 50 0 . 1 0 0
(R) -  R 45 650 0.069 15 170 0.088
(T) -  T 60 820 0.073
Note:
See F igure 44.
Average sed im en ta tion  r a te  fo r  820 y ears  = 0.073 cm /year. 
Average of sed im en ta tion  r a te s  between p o in ts  = 0 .078 cm /year.
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TABLE 20
SEDIMENTATION RATES FROM SITE C (100 Oe) -
ARCHAEOMAGNETIC DECLINATION COMPARISON
E quivalen t






Sed. R ate: 













P o in ts  
(cm /year)




80 0.125 1 0 80 0.125
(B) -  B 15 290 0.052 5 2 1 0 0.024
(C) -  C 25 400 0.062 1 0 1 1 0 0.091
(D) -  d 30 620 0.048 5 2 2 0 0.023
(E) -  E 40 760 0.053 1 0 140 0.071
See F igure 41.
N ote; Average sed im en ta tion  r a te  fo r  760 y ea rs  = 0 .053 cm /year.
I  Average o f sed im en ta tion  ra te s  between p o in ts  = 0.067 cm /year.
TABLE 21
SEDIMENTATION RATES FROM SITE C (100 Oe)* -  
ARCHAEOMAGNETIC INCLINATION COMPARISON
E quivalen t Depth Years Sedim entation  Rate
P o in ts (cm.) (B. 1973) (cm. p e r  y ea r)
(R) -  R 35 650 0.054
*See F igure 45.









Sed. Rate: Depth Time Sed. Rate
équivalen t Cumulative Between Between Between
P o in ts (cm.) Average P o in ts P o in ts P o in ts
(cm /year) (cm.) (years) (cm /year)
0 0
1 0 80 0.125
(A) -  A 1 0 80 0.125 5 2 1 0 0.024
(B) -  B 15 290 0.052 5 1 1 0 0.045
(C) -  C 2 0 400 0.050
1 0 2 2 0 0.045
(D) -  D 30 620 0.048
1 0 140 0.071
(E) -  E 40 760 0.053
See F igure  47.
Note: Average sed im en ta tio n  r a te  fo r  760 years = 0.053 cm /year.
Average o f sed im en ta tion  r a te s  between p o in ts  = 0.062 cm /year.
TABLE 23
SEDIMENTATION RATES FROM ?ITE C (800 O e)^~  
ARCHAEOMAGNETIC INCLINAISON COMPARISON
E quivalen t
















P o in ts
(years)
Sed. R ate: 
Between 




(P) -  P 25 440 0.057 5 160 0.031
(Q) -  Q 30 600 0.050 5 50 0 . 1 0 0
(R) -  R 35 650 0.054
See F igure  46.
Note: Average sed im en ta tio n  r a te  fo r  650 years = 0.054 cm /year.
Average o f sed im en ta tio n  r a te s  between p o in ts  = 0 .063 cm /year.
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TABLE 24




Sed. R ate: Depth Time Sed. R ate:
E quivalen t Depth Cumulative Between Between Between
P o in ts (cm.) Average P o in ts P o in ts P o in ts(cm /year) (cm.) (y ears) (cm /year)
0 0 3.5 80 0.044
(A) -  A 3.5 80 0.044 5.0 2 1 0 0.024
(B) -  B 8.5 290 0.029 5.0 1 1 0 0.045
(C) -  C 13.5 400 0.034
1 1 . 0 360 0.031
(E) -  E 24.5 760 0.032 9.0 300 0.030
(G) -  G 33.5 1060 0.032
1 . 0 90 0 . 0 1 1
(H) -  H 34.5 1150 0.030
See F igure  42.
Note: Average sed im en ta tion  r a te  fo r  1150 years  = 0.030 cm /year.
Average of sed im en ta tio n  r a te s  between p o in ts  = 0.031 cm /year.
TABLE 25
SEDIMENTATION RATES FROM SITE E ^ ~  
ARCHAEOMAGNETIC INCLINATION COMPARISON
E quivalen t
















P o in ts
(y ea rs)
Sed. R ate: 
Between 




(N) -  N 8.5 270 0.031
2 70 0.029
(0 ) -  0 10.5 340 0.031 5 260 0.019
(Q) -  Q 15.5 600 0.026 4 50 0.080
(R) -  R 19.5 650 0.030 3 170 0.018
(T) -  T 22.5 820 0.027
10 280 0.036
(U) -  U 32.5 1 1 0 0 0.030
^See F igure  48.
Note: Average sed im en ta tion  r a te  fo r  1100 y ears  = 0.030 cm /year.
Average o f sed im en ta tio n  ra te s  between p o in ts  = 0.036 cm /year.
126
c a lc u la te d  from th is  h y p o th e tic a l "p e r fe c t f i t . "  Then sed im entation  .■ 
r a te s  c a lc u la te d  from comparison of th e  a c tu a l curves might be compared 
to  th is  " s ta n d a rd ."  These s tan d ard  ra te s  may be derived  by determ ining  
a t  what depth below th e  p laya  su rface  th e  m ajor d e f le c tio n s  in  th e  
archaeom agnetic d e c lin a tio n  and in c l in a t io n  curves (A through H, and N 
through U) would occur on F igures 40, 41, 42, 44, 45, and 48 w ithou t 
regard  to  the  a c tu a l  p laya  sedim ent cu rv es, as th e  p lay a  curves a re  
assumed to  o v e r lie  th e  archaeom agnetic curves e x a c tly  fo r  th i s  purpose. 
The " p e rfe c t match" assumes a constan t r a te  of d ep o s itio n  throughout th e  
column, because th e  tim e s c a le  and depth sca le  remain co n stan t fo r  each 
s i t e .  For alingm ent o f depth and tim e s c a le s  fo r  th i s  " p e r fe c t f i t , ” 
zero  depth (th e  sedim ent su rface ) i s  assumed to  occur a t  1973 A.D.
The "stan d ard "  sed im en ta tion  ra te s  derived  from a h y p o th e tic a l 
"p e r fe c t match" a t  each s i t e  a re :
S ite  B (D eclin a tio n ) fo r  1150 years  = 0.075 cm /year.
( In c lin a tio n )  fo r  1100 years  = 0.075 cm /year.
S ite  C (D eclin a tio n ) fo r  1150 years  = 0.051 cm /year.
( In c lin a tio n )  fo r  1100 years = 0.051 cm /year.
S ite  E (D eclin a tio n ) fo r  1150 years = 0.030 cm /year.
( In c lin a tio n )  fo r  1100 years  = 0.030 cm/year.
These "standard" ra te s  compare w ith  the  a c tu a l  sed im en ta tion  ra te s  
from Tables 18 through 25 as fo llow s :
S ite  B D eclin a tio n  (Table 18)
P e rfe c t match = 0.075 cm/year
A ctual r a te  fo r  760 years = 0.072 cm /year (-4.0%) 
A ctual average o f r a te s  between p o in ts  =
0.068 cm/year (-9.3%)
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S ite  B In c lin a tio n  (Table 19)
P e rfe c t >îatch = 0.075 cm/year
A ctual r a te  fo r  820 years  = 0.073 cm/year (-2.7%) 
A ctual average o f r a te s  between p o in ts  =
0.078 c /y e a r  (+4.1
S ite  C D e c lin a tio n  (Table 22)
P e rfe c t match = 0.051 cm/year
A ctual r a te  fo r  760 y ears  = 0.053 cm /year (+3.9%) 
A ctual average o f  r a te s  between p o in ts  =
0.062 cm /year (+2 1 . 6 %)
S ite  C I n c l in a t io n  (Table 23)
P e rfe c t match = 0.051 cm /year
A ctual r a te  fo r  650 y ears  = 0.054 cm /year (+5.9%) 
A ctual average o f r a te s  between p o in ts  =
0.063 cm /year (+23.5%)
S ite  E D ec lin a tio n  (Table 24)
P e rfe c t match = 0.030 cm/year 
A ctual r a te  fo r  1150 years  = 0.030 cm /year (+ 0) 
A ctual average o f r a te s  between p o in ts  = 0.031 
cm/year (+3.3%)
S ite  E I n c l in a t io n  (Table 25)
P e rfe c t  match = 0.030 cm/year
A ctual r a te  fo r  1100 y ears  = 0.030 cm /year (+ 0)
A ctual average o f r a te s  between p o in ts  =
0.036 cm/year (+20.0%)
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In  a d d itio n  to  any experim en tal e r ro rs  invo lved , th e  d e v ia tio n s  
o f  " a c tu a l"  from "stan d a rd "  r a t e s ,  and th e  d if fe re n c e s  in  p e rcen t o f 
d ev ia tio n  between d e c lin a t io n  d erived  r a te s  and in c l in a t io n  d e riv ed  r a te s  
a t  th e  same s i t e ,  a re  probably  a r e s u l t  of non-uniform  ra te s  o f deposi­
t io n  throughout th e  column.
While th e  above sed im en ta tion  r a te  comparisons a re  n o t a b so lu te  
evidence th a t  th e  p lay a  d a ta  a re  in  c lo se  agreement w ith  th e  archaeo­
m agnetic d a ta , th e  v a lu es  fo r  each s i t e  a re  s im ila r  enough to  suggest 
th a t  some p o s i t iv e  r e la t io n s h ip  does e x i s t .
Checking p lay a  sed im en ta tion  r a te s  d erived  from paleom agnetic  
d a ta  a g a in s t p laya  sed im en ta tion  r a te s  d erived  from o th e r  methods was 
more d i f f i c u l t .  The d i f f i c u l t y  was in  f in d in g  p lay a  sed im en ta tio n  r a te s  
c a lc u la te d  by o th e r  means. Neal (1965) b r i e f ly  mentioned two in s ta n c e s . 
In  one case a  tw ig was found b u ried  seven f e e t  beneath  th e  su rfa c e  o f 
China Lake, C a l ifo rn ia . The rad io -ca rb o n  age o f th e  tw ig was determ ined 
to  be 3500 y e a rs . When seven fe e t  i s  converted  to  cen tim ete rs  (213.4) 
and d iv ided  by 3500 y e a r s ,  th e  r a te  a t  which the  sedim ents accum ulated 
above th e  tw ig i s  equal to  0.061 cen tim ete rs  p e r  y e a r , which i s  c lo se  to  
the  paleom agnetica lly  derived  sed im en ta tion  ra te s  fo r  th e  two A rizona 
p lay as . The second in s ta n c e  Neal mentioned was in  th e  Wah Wah V alley 
Hardpan in  Utah. Here one marker h o rizo n , which appeared to  re p re se n t 
the  youngest P le is to c e n e  lak e  le v e l  o f  A ncient Lake B o n n ev ille , was 
15 fe e t  beneath  th e  su rfa c e  of th e  p laya  c e n te r . Neal gave no age f o r  
th e  marker h o rizo n , bu t I  assumed i t  to  be approxim ately  10,000 years  
o ld , the  f ig u re  o f te n  a s so c ia te d  w ith  the  l a s t  r e t r e a t  o f th e  P le is to c e n e  
ic e  sh e e t. S im ila r ly , when 15 fe e t  i s  converted  to  cen tim e te rs  (457.2)
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and d iv id ed  by 1 0 , 0 0 0  y e a r s , th e  r a t e  a t  which th e  sedim ents accum ulated 
above th e  b u rie d  lak e  le v e l  i s  0.046 cen tim ete rs  p er y e a r . This v a lue  
l i e s  between th e  average sed im en ta tio n  ra te s  c a lc u la te d  from paleomag­
n e t ic  d a ta  from S ite  C and S i te  E.
S ch re ib e r e t  a l .  (1972) p u b lish ed  a ta b le  o f rad io carb o n  d a te s  
ob ta ined  by o th e rs  from sedim ents in  and around W illcox P lay a , A rizona. 
From th i s  ta b le ,  I  c a lc u la te d  sed im en ta tio n  ra te s  th a t  ranged from 
0.004 to  0.012 cen tim ete rs  p e r y e a r . The average o f th e se  r a te s  i s  le s s  
than  th e  p a leo m ag n e tica lly  derived  sed im en ta tio n  ra te s  fo r  W illcox  P laya 
by a f a c to r  o f n in e . However, S ch re ib e r suggested  th a t  th e  rad iocarbon  
d a tes  l i s t e d  in  the  ta b le  may no t have been r e l i a b le  because o f  low 
o rg an ic  c o n te n t, modern con tam ination , and m ixing due to  groundw ater 
movement in  the  a re a . For th e se  re a so n s , I  s h a l l  no t r e je c t  my p a leo ­
m agnetic sed im en ta tio n  r a te s  fo r  W illcox P laya  as be ing  in a c c u ra te . I  
found no o th e r  re fe re n c e s  to  p lay a  sed im en ta tio n  r a te s  in  the  l i t e r a t u r e .
Dr. Leonard R. W ilson, a p a ly n o lo g is t a t  The U n iv e rs ity  o f 
Oklahoma, was unable to  d e te c t  p o lle n  in  the  m a te r ia l  taken  from th e  
p lay a  sedim ents which I  provided  him, so we were unable to  a ttem pt d a tin g  
of th e  specimens a t  th e  v a rio u s  le v e ls  by th a t  method.
C o rre la tio n  C o e ff ic ie n ts  
C o rre la tio n  c o e f f ic ie n ts  were c a lc u la te d  fo r  th e  re le v a n t s e ts  
o f d a ta  in  o rd e r to  b e t t e r  determ ine th e  r e la t io n s h ip  between th e  cu rves. 
The method used to  c a lc u la te  th e  c o r r e la t io n  c o e f f ic ie n ts  i s  b r i e f ly  
ex p la in ed  in  the  Appendix and f u l ly  d iscu ssed  in  T i l l  (1974).
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A summary o f th e  r e s u l t s  i s  l i s t e d  below. The symbol r  i s  the  
c o r re la t io n  c o e f f ic ie n t ,  and n i s  th e  number o f p o in ts  conq)ared between 
th e  two cu rves. The symbol SW re fe r s  to  th e  Southw estern U.S. archaeo­
m agnetic curve. C o rre la tio n  c o e f f ic ie n ts  g re a te r  than  0 .5  a re  accep tab le  
as in d ic a to rs  o f c o r r e la t io n ,  and 0 . 8  o r g re a te r  in d ic a te s  a very  good
c o r re la t io n .  N egative va lu es in d ic a te an a n tip a th y between th e curves
F igure 33. S ite B - S ite C D ec lin a tio n r = 0 .5 5 ; n = 8
S ite B - S ite E D ec lin a tio n r = -0 .8 3 ; n = 9
S ite C - S ite E D ec lin a tio n r = -0 .7 6 ; n = 8
Figure 34. S ite B - S ite C In c lin a t io n r = -0 .6 0 ; n = 8
S ite B - S ite E I n c l in a t io n r -0 .4 1 ; n = 9
S ite C - S ite E In c l in a t io n r 0 .0 9 ; n = 8
Figure 35. S ite B - S ite C T o ta l Moment r = 0 .72 ; n = 8
S ite B - S ite E T o ta l Moment r = 0 . 2 0 ; n = 9
S ite C - S ite E T o ta l Moment r —-0 .2 7 ; n = 8
Figure 36. S ite B - S ite E D ec lin a tio n r = -0 .2 4 ; n =12
S ite C - S ite E D ec lin a tio n r = -0 .4 5 ; n = 8
Figure 37. S ite B - S ite E In c l in a t io n r = 0 .3 1 ; n =12
S ite C - S ite E In c l in a t io n r = -0 .5 1 ; n = 8
Figure 38. S ite B - S ite E T o ta l Moment r -0 .2 4 ; n =12
S ite C - S ite E T o ta l Moment r = 0 .94 ; n = 8
Figure 40. S ite B - SW D ec lin a tio n r = 0 .8 5 ; n =13
Figure 41. S ite C (100 Oe) -  
SW D ec lin a tio n r = 0 .6 5 ; n = 8
Figure 42. S ite E - SW D ec lin a tio n r -0 .2 7 ; n =37
Figure 44. S ite B - SW In c lin a tio n r 0 .5 4 ; n =14
Figure 45. S ite C (100 Oe) -  
SW In c l in a t io n r -0 .4 4 ; n = 8
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Figure 46. S ite  C (800 Oe) -
SW In c lin a t io n  r  = -0 .0 6 ; n = 8
Figure 47. S ite  C (800 Oe) -
SW D eclin a tio n  r  = 0 .84 ; n = 8
Figure 48. S ite  E -  SW In c l in a t io n  r  = 0 .3 1 ; n =37
The b e s t c o r re la tio n s  a re  between the  S ite  B -  S ite  C t o t a l
moment curves ( r  = 0 .7 2 ) , th e  S ite  B -  SW archaeom agnetic d e c lin a tio n  
curves ( r  = 0 .8 5 ) , th e  S ite  C (800 Oe) -  SW archaeom agnetic d e c lin a tio n  
curves ( r  = 0 .8 4 ), and the S ite  C -  S ite  E to t a l  moment curves ( r  = 0 .94 ).
Acceptable c o rre la tio n s  e x i s t  between th e  S ite  B - S ite  C 
d e c lin a tio n  curves ( r  = 0 .5 5 ) , the  S ite  C -  SW archaeom agnetic d e c lin a ­
t io n  curves ( r  = 0 .6 5 ) , and th e  S ite  B -  SW archaeom agnetic in c l in a t io n  
curves ( r  = 0 .5 4 ).
In g en era l. S ite  B and S ite  C d e c lin a tio n  c o r re la t io n s  a re  
acc e p tab le , w hile S ite  E d e c lin a tio n  c o rre la tio n s  a re  n o t. Only one 
in c l in a t io n  c o r re la t io n  i s  accep tab le  (S ite  B -  SW archaeom agnetic 
in c l in a t io n ) . A ll o th e r  in c l in a t io n  c o r re la t io n  c o e f f ic ie n ts  a re  le s s  
than  0 .5 .
O ther com parisons, such as v is u a l  comparisons between th e  curves 
and sed im en ta tion  r a te s ,  should no t be r e je c te d  on the b a s is  o f low cor­
r e la t io n  c o e f f ic ie n ts .  V ariab le  ra te s  o f sed im en ta tion  undoubtedly 
occurred  a t  each p lay a , as suggested  by the  d if f e r e n t  lo c a tio n s  o f th e  
d e f le c tio n  p o in ts  on th e  sedim ent curves when compared to  the  archaeo­
m agnetic curves. Because th e  v a r ia b le  sed im en ta tion  r a te s  fo r  each 
p laya  were n o t a cc u ra te ly  known, they could no t be taken in to  account 
when c a lc u la tin g  c o r re la t io n  c o e f f ic ie n ts .  I f  the  p laya sedim ent curves 
could have been ad ju sted  to  compensate fo r  known changes in  sed im en ta tion
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r a t e s ,  th e re  might have been a b e t t e r  c o r re la t io n  between more o f the  
archaeom agnetic and p laya  sedim ent curves. The c o r re la t io n  c o e f f ic ie n ts  
a re  a u se fu l q u a n t i ta t iv e  to o l ,  b u t they  a re  only one means fo r  in t e r ­
p re t in g  th e  d a ta .
INTERPRETATIONS
With the  acknowledged l im ita t io n s  on th e  r e l i a b i l i t y  o f the  
d a ta , th e re  a re  s t i l l  enough in d ic a tio n s  of agreement between th e  
archaeom agnetic curves derived  from baked c lays and th e  paleom agnetic 
curves derived  from p lay a  sedim ents to  suggest some in te r p r e ta t io n s .
G eophysically , th e  comparisons made in  th e  p rev ious s e c tio n  
confirm  e a r l i e r  r e s u l t s  from o th e r  methods of in v e s t ig a t io n  th a t  th e  
e a r th 's  m agnetic f i e ld  does, through tim e, change in  d e c lin a t io n , 
in c l in a t io n ,  and in te n s i ty  a t  any given lo c a tio n  on th e  e a r t h 's  s u rfa c e . 
D iffe re n t methods give e s s e n t ia l ly  th e  same, o r com parable, r e s u l t s .
The comparisons o f th e  p rev ious s e c t io n  in d ic a te  th a t  a  reco rd  
o f the  tem poral changes in  th e  geom agnetic f i e l d  i s  re ta in e d  by baked 
c lay s  co n ta in in g  magnetic m inera ls  and lake  sedim ents o f th e  type found 
in  modem p lay as . When the baked c lay s  and p lay a  sedim ents a re  from 
the  same geographic a re a  o f th e  c o n tin e n t, t h e i r  paleom agnetic reco rd s  
a re  s u f f ic ie n t ly  s im ila r  th a t  a c o r r e la t io n  between th e  two can be made. 
The tim e v a r ia t io n  c h a r a c te r i s t ic s  o f  th e  baked c lay  curves were con­
firm ed by the  r e s u l t s  o b ta ined  from the  p laya  sed im ents, and no new 
"ex cu rs io n s"  o f the  f i e ld  were found.
G eo lo g ica lly , th e  comparisons prov ide a means fo r  c a lc u la t in g
sed im en ta tion  ra te s  o f p layas and o th e r  sedim entary  environm ents th a t
might p reserv e  an a cc u ra te  reco rd  o f tem poral changes in  th e  geomagnetic
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f i e l d .  I t  i s  n ecessa ry  to  determ ine the  age o f th e se  changes (in  
a b so lu te  y ears  b e fo re  th e  p re sen t)  by such means as th e  archaeom agnetic 
curve b e fo re  sed im en ta tio n  r a te s  can be c a lc u la te d . However, once an 
a c c u ra te  paleom agnetic curve has been e s ta b lis h e d  from th e  sedim ents in  
a p a r t i c u la r  f e a tu r e ,  such as a p la y a , i t  might se rv e  as th e  "stan d ard "  
fo r  o th e r  d e p o s it io n a l r a te s  be ing  in v e s t ig a te d  in  the  a re a . In  those  
in s ta n c e s  where a known geomagnetic f i e ld - r e v e r s a l  i s  found a t  a  meas- 
u reab le  depth beneath  th e  su rfa ce  o f th e  sed im en ts , i t  could se rv e  as a 
tim e l in e .  The s ig n a tu re s  o f the  paleom agnetic  cu rv es, when compared 
between s i t e s ,  o f f e r s  a new means o f s t r a t ig r a p h ie  c o r r e la t io n .
CONCLUSIONS
The conclusions reached in  th is  s e c tio n  a re  tempered w ith  th e  
knowledge th a t  many more specimens o f p laya  sedim ents must be measured 
m ag n etica lly  b e fo re  a thoroughly  r e l i a b le  in fo rm ation  i s  o b ta in ed .
One conclusion  i s  th a t  the  damp sedim ent specimens ap p aren tly  
co n ta in  a more r e l i a b le  reco rd  o f changes in  the  geomagnetic f i e ld  than  
th e  dry sedim ent specim ens. The dry  specimens seem l e a s t  r e l i a b le  w ith  
regard  to  in c l in a t io n .  This may be exp la ined  by K err and h a n g e r 's  
(1965) o b se rv a tio n  th a t  " f in e -g ra in e d  p layas a re  composed o f a t  l e a s t  
50 p e rcen t c lay  and possess  an e x c e p tio n a lly  h igh c o l lo id a l  co n ten t.
Upon dehydra tion  th ese  su rfa c e s  undergo marked sh rin k ag e  and com paction, 
and they  appear to  c o lla p se  in to  a dense, w ell-bonded s t r u c tu r e  th a t  is  
rem arkably coherent and s t a b l e . "  I t  i s  such sh rinkage  and compaction 
th a t  might account fo r  th e  la rg e  in c l in a t io n  e r ro rs  found in  th e  dry 
sedim ents from Smith Creek V alley  P laya , Nevada.
A second conclusion  i s  th a t  th e re  does appear to  be a record  in
th e  sedim ents of r e la t iv e  changes in  the  geomagnetic f i e ld  s tre n g th .
B efore s t a r t i n g  th is  in v e s t ig a t io n ,  I  was o f th e  op in ion  th a t  any changes
in  m agnetic in te n s i ty  found in  the  sedim ents would be due e n t i r e ly  to  th e
c o n cen tra tio n  o f  m agnetic m in e ra ls , and would be q u ite  u n re la te d  to  th e
ambient f i e ld  s tre n g th  a t  th e  tim e o f d e p o s itio n . However, a  comparison
o f th e  f i e ld - i n te n s i ty  curves fo r  th e  th re e  p lay as  shows some agreement
135
136
in  th e  lo c a tio n s  o f th e  s tro n g  and weak d e f le c tio n s  in  the  curves (see 
F igure 38).
A th i r d  conclusion  is  th a t  th e re  i s  a reasonab le  agreement among
th e  d e c lin a tio n  and in c l in a t io n  curves of th e  th re e  p laya  lakes and th e
archaeom agnetic d e c lin a tio n  and in c l in a t io n  curves fo r Southw estern 
United S ta te s .
Playa specimens more c lo se ly  spaced in  depth a re  needed to  f i l l
the  gaps th a t  occur between le v e ls  te s te d  in  th i s  in v e s t ig a t io n , and more
h o r iz o n ta l  rows o f specimens a re  needed to  p rov ide  a d d it io n a l  s t a t i s t i c ­
a l ly  r e l i a b le  d a ta  (a lp h a -9 5 ' s ) . However, th e  methods o f in v e s t ig a tio n  
used h ere  appear to  be b a s ic a l ly  sound, and th e  im p lica tio n s  fo r  both  
th e o r e t ic a l  and p r a c t ic a l  a p p lic a tio n s  in  geology and geophysics w arran t 
continued re sea rch  in  th is  a re a .
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APPENDIX
Types o f Remanent M agnetization 
The fo llow ing  a re  the  most w idely used meanings o f th e  terms 
as they a re  defined  in  g lo s sa r ie s  o r tex tbooks on th e  su b jec t o f 
paleom agnetism.
A n h y s te r itic  Remanent Magnetism (ARM)
Remanence produced by the  sim ultaneous a p p lic a tio n  o f a 
co n stan t m agnetic f i e l d ,  such as the  geomagnetic f i e l d ,  and an i n i t i a l l y  
s tro n g e r  a l te r n a t in g  m agnetic f i e ld  whose am plitude decays to  zero . 
L igh tn ing  s t r ik e s  a re  thought to  produce th e se  co n d itio n s  in  a rock o r 
sedim ents.
Chemical Remanent M agnetization ( CRM)
A s ta b le  remanent m agnetiza tion  produced when m agnetic m a te r ia l  
i s  formed chem ically  in  rocks o r sedim ents below th e  C urie tem pera tu re .
I t  i s  caused by the  slow growth of m agnetica lly  o rdered  m in era l g ra in s  in  
th e  presence o f a m agnetic f i e ld .  The g ra in  s iz e  i s  c r i t i c a l ,  and above 
a c e r ta in  l im i t  the  p re v a il in g  m agnetic f i e ld  d ire c t io n  is  perm anently 
re ta in e d  by th e  g ra in s . This m agnetiza tion  occurs during  such chemical 
p rocesses as o x id a tio n , re d u c tio n , and e x so lu tio n .
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D e tr i ta l  Remanent M agnetization  (DRM)
The m agnetiza tion  produced in  sedim ents and sedim entary  rocks
I
when th e  m agnetic m in era l g ra in s  a re  m echanically  o r ie n te d  a long  the  
d ire c t io n  o f th e  ambient f i e ld  du rin g  sed im en ta tio n , th a t  i s ,  w h ile  
s e t t l i n g  through w ater. The in c l in a t io n  o f th e  p a r t i c l e s  i s  g e n e ra lly  
le s s  than  th a t  o f  th e  ambient f i e l d ,  due to  the  manner in  which th e  
e lo n g a te  g ra in s  s e t t l e  on the  bottom  su rfa c e .
Iso therm al Remanent M agnetization  (IRM)
The remanent m agnetiza tion  a t  zero  e x te rn a l  f i e l d  a f t e r  th e  
rock o r sedim ent specimen has been su b jec te d  to  a  c y c lic  m agnetic f i e l d  
w ith o u t change o f tem perature  o f th e  specimen.
N atu ra l Remanent M agnetization  (NRM)
The permanent m ag netiza tion  produced in  rocks o r  sedim ents by 
n a tu ra l  p ro cesses . I t  can be any one, or a com bination, o f th e  v a rio u s  
types o f remanent m ag n etiza tio n .
P ost D ep o sitio n a l Remanent M agnetization  (PDRM)
M agnetization produced du rin g  c o n so lid a tio n  o f th e  sedim ents 
a f t e r  i n i t i a l  d e p o s it io n , when packing  and com pression cause realignm ent 
o f  th e  d ir e c t io n  o f th e  m agnetic g ra in s .
P iezo (o r p re s su re ) Remanent M agnetization  (PRM)
The m agnetiza tion  produced by the  sim ultaneous a p p lic a t io n  of 
p re ssu re  and a m agnetic f i e ld .
143
Therao-Remanent M agnetization  (TRM)
The m agnetiza tion  acq u ired  as a rock coo ls through th e  C urie 
tem peratu res o f i t s  c o n s ti tu e n t m inera ls  in  th e  presence o f an e x te rn a l  
m agnetic f i e ld .  I t  i s  s t a b le ,  and p a r a l l e l  to  th e  ambient f i e ld  a t  th e  
tim e o f c o o lin g .
Viscous Remanent Magnet iz a t  ion  (VRM)
The m agnetiza tion  acqu ired  by the  rock o r sedim ent specimen 
a f t e r  b e in g  su b jec ted  to  an a p p lie d  f i e l d ,  such as th e  geomagnetic f i e l d ,  
fo r  a long p erio d  o f tim e.
Remanent M agnetization
The component of a ro c k 's  (o r sed im en t's )  m agnetiza tion  which 
has a f ix e d  d ire c t io n  w ith in  the  rock o r sedim ent and i s  independent of 
moderate e x te rn a l a p p lied  f i e l d s ,  such as the geomagnetic f i e ld .
Prim ary M agnetization
The component o f NRM acq u ired  when th e  rock was formed. This 
may re p re se n t a l l ,  p a r t ,  o r none o f th e  t o t a l  NRM.
Secondary M agnetization
Subsequent m ag n etiza tio n  added by a number of p ro cesses  co th e  
prim ary m ag n e tiza tio n .
Temporary M agnetization
A s p e c ia l  c la s s  o f secondary m agnetiza tion  acqu ired  between 
c o l le c t io n  in  th e  f i e l d  and measurement in  th e  la b o ra to ry .
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A lte rn a tin g  F ie ld  D em agnetization 
T his b r i e f  e x p la n a tio n  of th e  p r in c ip le  of a l te r n a t in g  f i e ld  
( a . f . )  dem agnetiza tion  i s  summarized from Strangway (1970). For a  more 
thorough d is c u s s io n , one should  read  th e  s e c t io n  on L aboratory  T ests 
beg inn ing  on page 77 of Strangway*s book.
The removal o f u n s ta b le  secondary components o f  m agnetiza tion  
from rock o r sedim ent specimens i s  commonly done by means of th e  a . f .  
dem agnetiza tion  te ch n iq u e , which p erm its  d e te c t io n  o f th e  more s ta b le  
f r a c t io n  o f th e  n a tu r a l  remanent m ag n e tiza tio n . The techn iques invo lve  
exposing  th e  specimen to  peak a l t e r n a t in g  f i e ld s  o f v a rio u s  s t r e n g th s .
A ro ck , o r sed im ent, p robably  w i l l  have many d i f f e r e n t  types of m inera ls  
in  which NRM i s  p re s e n t .  The NRM w i l l  no t have a s in g le  m agnetic f i e ld  
which corresponds to  th e  co erc iv e  fo rc e , r a th e r  th e  remanence can be 
d iv id ed  in to  p a r t s  w ith  d i f f e r e n t  co e rc iv e  fo rc e s . There w i l l  be a 
spectrum  o f co erc iv e  fo rc e s .  By s u b je c t in g  a specim en to  in c re a s in g  
m agnetic f i e l d s ,  some o f th e  low er co erc iv e  fo rc e s  a re  exceeded and th o se  
remanences a re  removed le av in g  on ly  th e  most s ta b le  f r a c t io n s  o f th e  NRM 
in  th e  specim en. For th e  rem oval o f  secondary components th e  low est peak 
f i e ld  v a lu e  i s  chosen which g ives th e  b e s t  r e s u l t s ,  as su cc e ss iv e ly  
h ig h e r f i e ld s  w i l l  e v e n tu a lly  weaken o r e lim in a te  even th e  s ta b le  NRM.
S t a t i s t i c a l  A nalysis  o f M agnetic V ectors 
F is h e r  (1953) developed a  s t a t i s t i c a l  method fo r  an a ly z in g  
d ire c t io n s  found in  paleom agnetic  s tu d ie s  which has become th e  s tan d a rd  
among w orkers in  th e  f i e l d .  F i s h e r 's  method i s  summarized h e re , b u t 
h is  paper i s  recommended fo r  a more com plete e x p la n a tio n .
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Paleom agnetic re sea rc h e rs  g e n e ra lly  use a 9 5 -percen t 
confidence le v e l  and c a lc u la te  two s t a t i s t i c a l  param eters (Strangway, 
1970). One param eter, a lp h a-9 5 , i s  the  ra d iu s  o f a cone about a mean 
d ire c t io n  such th a t  th e re  i s  a 95 p ercen t p r o b a b i l i ty  th e  t ru e  mean 
d ire c t io n  w i l l  l i e  w ith in  th is  cone.
alpha-95  =
/  kN
where N is  the  number o f  specimens in  the  sam ple, and k i s  th e  
p re c is io n  param eter.
The o th e r param eter, th e  p re c is io n  param eter k , i s  a  measure o f 
th e  s c a t te r  o r d isp e rs io n  of th e  m agnetic d ir e c t io n s .  I f  k = 0 , th e  s e t  
o f  d ire c tio n s  i s  com pletely random. When th e  grouping of d ire c t io n s  i s  
good, k w i l l  acq u ire  la rg e  v a lu e s , sometimes va lu es  o f  s e v e ra l  hundred.
where N i s  th e  number o f specimens in  th e  sample and R i s  th e  sum of th e  
in d iv id u a l v e c to rs  in  th e  mean d i r e c t io n .
Another of F i s h e r 's  s t a t i s t i c a l  param eters used in  my re sea rc h  
is  th e ta -9 5 , th e  ra d iu s  of a cone about the  mean d ir e c t io n  which w i l l  
co n ta in  95 p e rc en t o f  th e  d i r e c t io n  v e c to rs .
th e ta -9 5  = — —
/k
where k i s  th e  p re c is io n  param eter ^  and R i s  the  sum of the
in d iv id u a l v e c to rs  in  th e  mean d ire c t io n .
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C o rre la tio n  C o e ff ic ie n ts  
Following Is  a b r i e f  e x p lan a tio n , adapted from T i l l  (1974), o f 
th e  method used to  c a lc u la te  those c o r r e la t io n  c o e f f ic ie n ts  found In 
th e  D iscussion  of Data s e c t io n  of t h i s  th e s i s .  For a more complete 
ex p lan a tio n  o f th e  method, the  re a d e r  I s  r e f e r r e d  to  Chapter 5 o f  T i l l 's  
book.
The c o r re la t io n  c o e f f ic ie n t  r  I s  given by
________ covariance  (x ,y )___________
^ /  [v a rian ce  (x) X v a ria n ce  ( y ) ]
where n values o f  x and y were o b ta in ed . This may be expressed In  a form 
which Is  sim ple to  compute as
CSCP
/  (CSSX • CSSY)
where CSCP (c o rre c te d  sum of c ro ss p ro d u c ts) = '^xy -  )]x • J y /n
and CSSX (c o rre c ted  sum of squares o f  x) = ^x^ -  Jx  • ^x/n
and CSSY (c o rre c te d  sum of squares o f  y) = -  Jy  * '[y/n
Values o f r ,  which Is  d lm en slo n less , can vary  between +1 and -1 . 
I f  r  -  +1, X and y have a p e r fe c t  l in e a r  r e la t io n s h ip  and covary to g e th e r. 
I f  r  = -1 , th e re  I s  a p e r fe c t  a n tip a th y  between x and y , and r  = 0 means 
th a t  th e re  Is  no re la t io n s h ip  between x and y .
